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This is why the majority of 
Power Braking installations 
are Bendix B-K 


e More than meets all state laws for 
trucks and trailers e Least weight added 
e Fewest added parts « Low first cost— 
Practically no maintenance « Instant 
remote control e All emergency features 
of train operation e¢ Quick, easy in- 
stallation « Original brake system left 
intact e Fully controlled power applica- 
tion e A nation-wide service organiza- 
tion « Years of power braking expe- 
rience and unapproached protection 
over future years of satisfying service. 


BENDIX 


T doesn’t make any differ- 

ence whether you're build- 
ing trucks, selling trucks or 
operating trucks, the universal 
service and the universal good 
reputation of genuine Bendix 
B-K Power Braking are posi- 
tively worth good profit dol- 
lars to you. 


You want power braking on 
your trucks because it makes 
them better trucks... safer, 
easier to handle,more efficient. 
That being the case, you nat- 
urally want power braking that 
gives you al] the advantages 
you re paying for. 


And that means genuine 
Bendix B-K Controlled Vacuum 
Power Braking. Not something 
else, but just that, because it's 
the only power braking that 
delivers everything you need. 


That's why Bendix B-K Power 
Braking is the overwhelming 
first choice among power brake 
users; that’s why it has such 
universal good reputation; 
that’s why so many hundreds 
of competent, alert, service or- 
ganizations the nation over and 
the world around are proud to 
display the familiar sign of 
Bendix B-K Service. 
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OF BENDIX AVIATION CORPORATION 


401 Bendix Drive 


Controlled Vacuum 


POWER BRAKING 
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Coker F. Clarkson 


Memorial 


HE Coker F. Clarkson Memorial Fund has been es- 

tablished to perpetuate the memory and ideals of Coker 

F. Clarkson, secretary of the Society of Automotive 
Engineers from 1909 to 1930, under whose able guidance the 
Society grew, greatly broadened its scope in the industry and 
its value to the ever-increasing membership. 

The purpose of the establishment of this fund is to aid the 
coming engineers, especially the younger men, in becoming 
afhliated with the Society so that they may immediately have 
made available to them information and benefits which the 
Society has to offer. 

The Coker F. Clarkson Memorial Fund in accordance with 
the rules adopted for its administration offers financial assis- 
tance to persons who have been elected to membership, who 
are unable to pay the full initial fee and current dues at one 
time. This is accomplished by lending to the individual from 
the Fund, without interest, a major portion of this fee, and so 
permit him to enjoy immediately full membership privileges 
in the Society. A small initial payment by the applicant is 
required, the balance of the fee being handled through a loan 
from the Coker F. Clarkson Memorial Fund. 

This fund is managed by a committee of six members of 
the Society appointed by the President with the approval of 


Contributions Invited 


Funds already contributed by a few mem- 
bers of the SAE have made it possible for 
the Clarkson Memorial Fund to begin fune- 
tioning. 

| Additional contributions are needed to 
| permit the Fund to fulfill the widespread 
| possibilities for service which were inherent 
in its conception. 

Those many members of the Society who 
wish to perpetuate the glowing memory of 
_ Coker F. Clarkson are asked to participate 
in the further upbuilding of this Memorial 
Fund. Small as well as large contributions 
are invited. 

Checks should be made payable to “The 
Society of Automotive Engineers, Coker F. 
Clarkson Memorial Fund.” 
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Coker F. Clarkson 


the Council. The chairman of the committee is: J. A. Anglada. 
Its other members are: B. B. Bachman, David Beecroft, W. B. 
Stout, W. G. Wall, and E. P. Warner. 


Rules 


The Coker F. Clarkson Memorial Fund offers financial 
assistance within the limits of the fund to persons who have 
been elected to membership who feel that they are unable to 
make the full payment of initiation fee and current dues at 
one time. 

Those wishing to make use of the fund shall make applica- 
tion on an approved form, this application to be sponsored by 
a member of the Society. The right is reserved by the Coker 
F. Clarkson Memorial Committee to reject in its discretion any 
such application. 

An initial payment by the applicant is required as indicated 
below and the balance of the fee shall be handled through a 
loan from the Coker F. Clarkson Memorial Fund, the loan 
to be repaid by the applicant in equal payments at three month 
intervals throughout the remainder of the fiscal year. 

Grade of Membership Initial Payment Required 


Member and Associate $15.00 
Service and Foreign Member 10.00 
Junior 5.00 
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Last Minute Teehnical Data 
Mark National F&L Meeting 


EARLY all major automotive problems of 
primary interest to the oil refiner, the 
automotive equipment distributor, and the auto- 
motive transport engineer were covered exhaus- 
tively at the SAE National Fuels and Lubricants 
Meeting in Tulsa on Nov. 2 and 3. 

New developments in hypoid lubricants, va- 
porization properties of present commercial 
motor fuels, adaptation of automotive power- 
plants to the use of gaseous and liquid fuels, 
requirements of the fast-growing tractor fuel 
market, application of automotive equipment to 
extremely severe industrial service, special de- 
mands by military services on automotive de- 
sign — last minute data on all of these subjects 
were supplemented by extensive discussion from 
more than 200 automotive and refining engi- 
neers who attended the sessions. 

B. E. Sibley was general chairman and W. F. 
Lowe local chairman of this two-day meeting 
which was sponsored by the Society’s Fuels & 
Lubricants Activity, headed by SAE Vice-Presi- 
dent A. G. Marshall. Presiding at the various 
sessions were: Ralph R. Matthews, Arthur L. 
Heintze, Mr. Sibley, G. C. Richardson, and Earle 
W. Pughe. Chairman of the SAE Tulsa Group, 
Frank A. Suess, presided at the debate between 
members of the SAE Student Branch at the 
University of Oklahoma and a team from Kan- 
sas State College, which climaxed the meeting. 


Characteristics of Hypoid Lubricants 


Hypoid lubricants operate as “solid lubricants” 
under severe temperature-pressure conditions, 
C, F. Prutton and A. O. Willey, consultants for 
the Lubri-Zol Corp., pointed out in discussing 
the composition and properties of these prod- 
ucts. Reaction occurs between the “polar com- 
ponents” dissolved in the lubricant or between 
them and the metals of the gears they lubricate, 
forming a soft, easily sheared solid material 
covering the contact surfaces which prevents 
metal-to-metal contact. Metallic sulfides, chlo- 
rides, oxides, or sulfates are formed by these 
reactions at points of excessive pressure only, 
points where these products are necessary for 
maintaining lubrication, they said. 

These reactions must occur only under ab- 
normal conditions and, the authors indicated, 
where lower than extreme-pressure conditions 
obtain, chemical reaction must be absent. That 
is, they explained, satisfactory hypoid lubricants 
must possess “controlled activity,” such that 
these chemical, salt-forming reactions occur only 
under pressure and temperature conditions 
which require the “solid” type of lubricant 
product to carry the load. Temperatures in 
hypoid gears rarely go above 200 F under nor- 
mal tooth loads, they stated, noting that rela- 


tively little chemical action is necessary under 
these mild conditions. “For shock loads the rate 
of chemical reaction must be very great,” the 
authors stated, adding that “the presence of an 
agent with great stability at ordinary tempera- 
tures but whose activity increases greatly at 
some definite higher temperature, say 350 F, 
is desirable.” 


Need for Standard Tractor Fuel 


A standard tractor fuel specification is much 
needed and one has been proposed to the Amer- 
ican Society of Agricultural Engineers, according 
to E. L. Barger of Kansas State College. This 
proposed specification is now in the following 
form: 


Octane No. 30 
Distillation Range 


End- 
5%o 10% 25% 95% point 

Minimum: 325F 464 F 
Maximum: 400 F 420F 515F 540F 


Student Debate Tops 
Final Session Program 


A team from Kansas State College won 
a 3-2 judge’s decision over a team repre- 
senting the SAE Student Branch at the 
University of Oklahoma on the evening of 
Nov. 3. This contest was adjudged by 
those attending the meeting as the best of 
the four which have been held in con- 
junction with earlier National Fuels & 
Lubricants Meetings. 


The subject for debate was “Resolved: 
That V-Type Engines Are to be Preferred 
to In-Line Engines for Passenger-Car 
Equipment.” The winning Kansas team 
supported the affirmative view. Each mem- 
ber of the two teams was presented with 
a year’s student membership in the Society 
by C. B. Veal, research manager of the 
SAE, in token of appreciation of their par- 
ticipation in the program. 


The members of the two teams were: 
Kansas State College: R. H. Breckenridge, 
Raymond Small, and Frank Hunter: and 
University of Oklahoma: James Billings, 
Merle Lucas, and Leon Loudermilk. 
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Reporting on performance tests run at the 
College, Mr. Barger gave some results which 
showed that the relationship between brake 
horsepower at maximum safe sustained load 
(medium detonation) and octane the rating of 
a distillate fuel is quite definite. He referred to 
a curve for a Hercules engine with a 3.9:1 com- 
pression ratio which showed that while the en- 
gine could develop 27.4 bhp on a 40-octane 
distillate, its output by using a zero-octane fuel 
was only 20.4 bhp, a power reduction of 25.5%. 
For a McCormick-Deering engine with a 4.1:1 
compression ratio the curve indicated that the 
power output with fuels of the same two octane 
ratings would be 19.9 bhp and 16.8 bhp respe 
tively, a reduction of 15.5%. 

Mr. Barger also brought out the fact that 
higher octane number fuels show better thermal 
eficiency at maximum sustained safe _ loads, 
while at low loads the lower quality fuels show 
to best advantage. Since tractors usually operate 
at heavy loads their high-load efficiency is most 
important, he said. During discussion some 
engineers took issue with this position, stating 
that, even in farm plowing and ditch-digging, 
the tractor operates at low to medium load most 
of the time. 

Mr. Barger asked for cooperation from both 
automotive and oil industries in improving thx 
quality of tractor fuels and in developing practi- 
cal specifications for them. 


C- 


Gasoline Study Reported 


“In general the vaporization characteristics of 
modern winter gasolines are such that, except at 
extremely low vaporization temperatures, only 
a very moderate choking is necessary to attain 
operable air-vapor mixtures,” R. C. Alden, 
H. M. Trimble, and M. G. Blair of Phillips 
Petroleum Co., told the meeting. They reached 
this conclusion as a result of an intensive study 
of the distillation characteristics of 1938 winter 
gasolines reported by the U. S. Bureau of Mines. 
Using a tri-axial nomographic method 
investigators determined the temperatures at 
which various air-vapor mixtures will be formed 
in the fuel induction system, for typical gaso- 
lines of different distillation curves. 

With 1938 winter gasolines of relatively high 
and relatively low volatility at vaporization tem- 
peratures below 32 F or at supplied air-fuel 
ratios of less than 5.2:1, it is impossible to 
make a fixed carburetor setting which will sup- 
ply an operable air-vapor mixture to the cyl- 
inders for both gasolines they find. However, 
the average 1938 winter fuel will give operable 
air-vapor mixtures at a vaporization temperature 
of zero F if the supplied air-fuel ratio is any- 
where between 1:1 and 5.4:1. For an ideal 
mixture from the vaporization range of 1938 
winter gasolines, supplied air-fuel ratios some- 
where between 1:1 to 6.1:1 at a vaporization 
temperature of 10 F, varying according to the 
volatility of the fuel, are required, their calcula- 
tions show. 


these 


Data on Multi-Fuel Engine 


The Multi-Fuel spark-ignition engine, burn- 
ing natural gas, gasoline, kerosene, alcohol 
blends or fuel oil, as desired, has the greatest 
inherent flexibility for meeting fuel require- 
ments or developments, P. C. Ritchie of Wauke- 
sha Motor Co., claimed in discussing this new 
development. To burn these different fuels re- 
quires only changes in accessories for supplying 
the fuel, he showed. 

A Hesselman unit can be converted from the 
use of one fuel to another in a short time, 
using spark ignition for all of them, with car- 
buretors for gas or gasoline and injectors for 
heavier oils, he explained. A 225-cu-in. engine 
shows a specific fuel consumption of 0.48 lb 
per hp-hr at 86% load on 62-oetane gasoline - 
about 0.50 Ib per hp-hr for fuel oil. Power out- 
put with gasoline is slightly higher than when 
using fuel oil, he said. Special lubrication prob- 

(Continued on page 13) 
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Pages Added to Truck History 
at St. Louis T&M Meeting 


HE SAE National Transportation and Main- 
tenance Meeting at St. Louis, Oct. 26 and 
27, attended by fleet operators from all parts of 
the country, developed for the truck industry’s 


oficial record, several historically significant 
matters. It brought fleet operators to the de 
fense of truck factory design engineers when 
the latter were criticized for designing vehicles 


that are more difficult to service and repair; and 
it saw tire manufacturers collaborating to give 


tire retreading and recapping a_ publicly-be 


stowed benediction which hitherto they have 
not enjoyed. 
Other sessions of this highly successful meet- 


ing were devoted to practical contributions by 
fleet men to the subject of engine wear; to an 
exposition of the latest developments in speed 
change mechanisms, and to a 
color schemes. 

Planned under the direction of the 
Transportation and Maintenance Activity, headed 
by Vice-President Harry O. Mathews, the 
ing had the cooperation of the Truck, Bus & 
Railcar Activity and its vice-president, Carl J. 
Bock. Fleet operators and truck and bus manu 
facturers were represe¢ nted among the 
chairmen and_ discussion 


cluded F. K. Glynn, R. 


discussion of 
Society's 


meet 


session 
leaders, which in- 
J. Collins, John M. Orr, 


and L. B. Gilbert. G. R. Ericson, chairman of 
the St. Louis Section, was chairman of the 
Transportation Dinner, and Mr. Mathews was 


toastmaster. 


Economics of Retreading Tires 


The business and the economics of renewing 
treads on worn tire casings were analyzed with 
scrupulous fairness by L. W. Fox, of the Fire 
stone Tire & Rubber Co., and A. L. Mac- 
Cracken, of the Goodyear Tire & Rubber Co., 
in a jointly-authored paper entitled ““New Life 
in Fleet Tires.”” They concluded that retreading 
or capping can be made profitable in any fleet 
if the following general rules are 
applied: 


diligently 
1. Remove tres for capping before the last 
mile has been run and thus insure a higher 
percentage of renewable tires. 

2. Select for renewal only 
show no ply 


fabric . 


? 


3. Have the work done only at reliable shops, 

I 
properly equipped, and employing skilled op 
erators. 


sound tires which 
separation, bad cuts or fatigued 


4. Apply tires to vehicles with some thought 
as to severity of the run and wheel position. 

5. Be particularly careful on dual application 
that tires are properly mated to insure equal 
load distribution. 

6. Don’t expect a renewed tire to do a job 
that a new tire won't do. 

Recommending that fleets do business with 
first class shops, the authors declared that “the 
difference in cost between the cheapest grade of 
materials and the best is far offset by the re- 
sults delivered.” Regarding results, they said, 
in general, “experience has proven that the use 
of retreading increases the total individual tire 
life 50% to 80%, depending upon the type of 
service, the tread design, tread widths and de- 
sign depths used in the retread molds, together 
with the method of tread renewal used.” In 
cases where reports are made that renewed tire 
mileages are equal to or higher than new tires, 
the authors said “there is reason to suspect that 
the comparison is not made under identical con- 
ditions.” They pointed out that records over a 
number of years on bus fleets “show that sum- 
mer and winter mileages differ as much as 
50%.” 

The authors gave tire manufacturers credit 
for the feasibility of tread renewal. They said 
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back the 
original 
Today, due to 
fabrics, new compounds and new 


that only a relatively 


which 


tew years 
until the 
unusual, 


tire 
tread 
new 
methods of 


stayed together 


wore out was 


fabrication, the tire body has a_ considerable 
margin of safety in ordinary service. “It is this 
reserve strength or unused service of a tire that 


has laid the foundation for this and 


portant industry.” 


new im- 

In the general discussion that followed pres- 
entation of the paper, Mr. MacCracken said that 
it is becoming necessary for all tire 
to offer 


companies 


retreading service on a_ nation-wide 
basis. 


C. R. Mason, of 
amplified the 


The B. F. Goodrich Co., 
paper by that the 
success of retreading depends upon the correct- 
ness of the original tire installation. He 
retreading of tires that have undergone major 
sectional repairs should prove satisfactory if 
used in slow speed service with no overloads. 
If put in they will fail 
worn out, 

D. A. Macdonald, of the U. S. Rubber Co., 
vave the paper his company’s endorsement and 
made these additional suggestions: 


formal saying 


said 


severe service before 


“Possibly the method most detrimental to the 
carcass is the full retread. This is brought about 
by the fact that all of the original undertread 
and shock plies are removed down to the car- 
cass. In addition more of the tire area is con- 
fined in the mold which definitely applies more 
temperature to and through the carcass. 

“The full recap confined practically the same 
tire area in the mold. The carcass, however, is 
protected by the original undertread. 

“The top cap is the method that ts least detri- 
mental to the carcass in that heat is applied 
only to the tread area.” 

F. L. Faulkner, of Armour & Co., declared 
that the statements in the paper paralleled his 
company’s experience. 

“We operate 65 million miles a year,” he 
said. “In the main it is a slow-speed, delivery- 
type ol 















































service. All vehicles are governed, the 
governed speed averaging 35 mph. We put 
tires through two, three and four recap opera- 
tions. We pull a tire out of service when it still 
has adequate rubber, though smooth, for re- 
capping. Only 25% of the original tires be- 
come available for reworking, due to the great 
number of side bruises we experience. We are 
tightening up on our inspection standards and 
expect to make further gains in salvaging. All 
retreaded tires are put on the rears. Only new 
ones go on the front. We do not recap passen- 
ver-car tires because original tires cost so little. 
It's not worth the chance.” 


Much Retreading on West Coast 


There is much retreading and recapping on 
the West Coast, said Ellis W. Templin, of the 
Los Angeles Department of Water & Power. 

“Our own policy in regard to safety is very 
strict,” he declared. 

“All equipment must be kept ready for an 
emergency. All outside work is done on open 
bidding and since we cannot write the word 
‘reliable’ into our specifications, we will not 
recap or retread until we find it profitable and 
possible to do the work ourselves.” 

The question of tire age in relation to suc- 
cessful retreading was raised by Charles L. Mee, 
of Public Service Co. of Northern Illinois. “‘Say 
two tires are the same. Both have gone 36,000 
miles. But one is one year old and the other is 
five years old. What consideration should be 
given to age?” 

“Age must be considered on its own merits,” 
Mr. MacCracken replied. “Old tires show check 
marks and the rubber is brittle. 


SAE Vice-President Harry O. 
Mathews, who heads the So- 
ciety's Transportation & Main- 
tenance Activity which spon- 
sored the St. Louis Meeting. Mr. 
Mathews was toastmaster at 


the Transportation Dinner. 





The chances 








11 


12 


are against retreads. I would say that five years 
is about the limit.” 

J. M. Orr, of Equitable Auto Co., brought up 
the matter of balancing of retreaded tires. “They 
should be balanced but not all shops are bal- 
ancing them. In a test,” he said, “we took 
seven recapped tires from our stock shelves. 
They were of seven different makes and they 
had been recappd by two independent recap- 
pers. We checked them and the out-of-balance 
ranged from 16 in.-oz to 64 in.-oz.” 

Mr. Orr testified that “generally our experi- 
ence with recaps has been good. But,” he de- 
clared, “we are having no success with second 
and third recaps.” He said 30% of his tires can 
be recapped. 


Data on Tire Mileage 

In their paper, Messrs. Fox and MacCracken 
gave the results of studies of thousands of tires 
on the effect of wheel position on tire mileage. 
The studies showed that trailer tires gave 33% 
tnore mileage than driving tires, and front tires 
57% more mileage than driving tires. 

L. W. Fischer, of Timken-Detroit Axle Co., 
asked “Why do trailer tires have 33% greater 
lire when checks have shown that they do 90% 
of the braking in trailer operations?”’ 

His question did not receive a_ satisfactory 
answer. 

Another questioner asked, “Do differential 
wheels result in greater tire life?” 

Mr. Fox volunteered the opinion that “‘basi- 
cally they look all right but we would like to 
have a little more experience with them before 
committing ourselves.” 

Another operator sought some light on the 
relative merits of the tire bulge gage and the 
pressure gage. 

Mr. MacCracken said he had no confidence in 
the bulge gage. It remained for Mr. Mason to 
give the bulge gage the coup de grace. He said 
that the bulge gage patents were held by his 
company — Goodrich — but “‘we would like to 
see it taken off the market because of its in- 
accuracies.” 

The morning session ended on a cost note 
when Mr. MacCracken gave figures which 
showed that, on the basis of retail list prices, 
recaps cost 38% of the cost of new four-ply 
passenger-car tires, and 30% of the cost of new 
truck tires. 

The afternoon session developed the fleet 
criticism and the fleet defense of truck design. 

Mr. Templin took the rostrum as the critic. 
His paper was entitled “How Changes in 
Models Affect Automotive Maintenance.” 

At the outset Mr. Templin unstintingly gave 
truck designers credit for transforming the ugly 
vehicle of a few years ago into a modern 
streamlined beauty, and to engineers for such 
important developments as high-compression en- 
gines, two-speed axles, hypoid gears, etc. But it 
seemed to him that we were paying rather 
dearly for all of the desirable improvements in 
the form of heavy maintenance and replacement 
expenditures. And he was finding fault with 
design, he explained, because he felt sure that 
“a sincere attempt at self-criticism can result 
only in the reaching of conclusions which will 
accelerate our progress.” 

“We grant,” said Mr. Templin, “that the 
newer models are built to last longer and to 
deliver greater mileage before repairs and re- 
placements are necessary, and we do not claim 
that this increased mileage has not offset the 
added cost of these operations. But we do feel 
that with a little thought and careful planning, 
we can.eliminate much of the time which is 
now lost on individual operations as a result of 
awkward design.” 

He proceeded to point out that the chief com 
plaints of his mechanics and inspectors are 
directed against the COE type of design which, 
they claim, makes routine checkups far more 
difhcult and which “only a contortionist can 
service properly.” 

A popular make of truck, he said, “hides the 
ignition head in such a way that it is necessary 
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to take the radiator off before an adjustment 
can be made. Still another model features a 
distributor system which can be reached only 
after the seats, floor boards and shift lever as- 
sembly have been cleared from the way. In 
order to service the air cleaner on this model it 
is necessary to approach it from the garage 
floor, and removal of the unit is a tedious and 
delicate operation which the mechanic must 
perform on his back. On still another model it 
is mecessary to remove the front wheel and 
splash pan in order to make a valve adjustment, 
while another is designed so that the engine 
must be raised before the oil pan can be re- 
moved.” 

“Such obstacles,” Mr. Templin maintained, 
“placed in the path of the average service man 
may lead him to follow a course of least resis- 
tance, letting the most difficult operations go 
‘until something happens.’ And if this some- 
thing happens on the road, it is bound to cost 
the company money and may even result in loss 
of life and equipment.” 

Finally Mr. Templin buttressed his criticism 
with actual figures — time studies — showing how 
the newer models have placed an added time 
burden upon the mechanic. 


Decreasing Costs Reported 


Rising to the defense, F. K. Glynn, of Ameri- 
can Telephone & Telegraph Co., declared “We 
can’t have our cake and eat it, too. Mechanical 
costs have been coming down right along. We 
used to grind valves at 3000 miles. Now some 
are ground at 30,000 and some you can even 
forget. In the old days we used to make 150 
radiator changes per 100 cars per yr. Today 
changes are rare. Maybe it is the human ma- 
chine that is at fault. The mechanics don’t 
seem to turn out as mucan work as _ they 
used to.” 

Admitting that buses are hard to get at, 
Adam Ebinger, of the St. Louis Public Service 
Co., said that nevertheless his records showed 
there was 75% less maintenance today than 8 
yr ago. 

“Years ago,” said Mr. Ebinger, “inspections 
were on a 500-mile basis. Today we have 
4000-mile inspections. Clutches lasted 10,000 
to 15,000 miles, whereas today they go 50,000 
and 60,000 miles before requiring attention. It 
is true that the mechanic sometimes must be a 
contortionist but we must design trucks and 
buses so that they will make a good impression 
on the general public. It is also true that men 
do not produce as much work as they used to.”’ 

H. R. Grigsby, of the Oklahoma Gas & Elec- 
tric Co., also arose to say that total operating 
costs were coming down even, as he put it, 
“though we operate in the oil fields of Okla- 
homa.” 

A break in the array of defense testimony 
came when W. J. Cumming, of the Surface 
Transportation Corp., got up to declare that “‘a 
lot of things that require contortionists could 
be done in a way to eliminate the contortions. 
More thought should be given to putting things 
on conveniently.” 

H. O. Mathews, of Public Utility Engineering 
& Service Corp., considered Mr. Templin’s facts 
interesting, but the question he wanted an- 
swered was, “How are new models affecting 
our preventive maintenance schedule?” 

“Most of us,” said Mr. Mathews, “have fol- 
lowed some sort of inspection program for a 
number of years. Have we changed the periods 
between inspections during the last five years? I 
think most of us have. For the same reason 
that the first engine, tires and other parts last 
longer today, it seems that the inspection inter- 
vals should be longer.” 

A prediction on the side of the defense was 
voiced by A. N. Snyder, of the Detroit Edison 
Co. “If we are patient,” he said, “COE jobs 
will be cleaned up. COE jobs did increase our 
maintenance costs. They were about 9% higher 
than in the case of conventional jobs. However, 
in checking with our delivery department we 
found that the increase was offset by a saving 





Vol. 45, No. 6 


of 20% in the cost per ton mile. Improvements 


are coming up in the next year or two that will 
eliminate most of the maintenance 
brought on by COE design.” 

Mr. Orr also conceded that “improvements in 
the quality of motor vehicles seem to offset to 
some extent the disadvantages of inaccessibility.’ 

In his summing up, Mr. Templin bluntly stated, 
“We are not going to get anywhere whitewash 
ing factory engineers. Maybe we have our in 
spection schedules too close together. Or per 
haps we should find other means to determing 
when vehicles need attention. The question is 
sll open. Maybe mechanics are turning out 
less work. But it’s just simple logic that if you 
make it impossible for men to turn out the 
work, they just won't turn it out. 

“My plea is that we of the Transportation & 
Maintenance Activity make known these defects 
to engineers and enlist their help in correct 
ing them.” 

The symposium on engine wear at the morn 
ing session of the second day, brought together 
three excellent papers by Mr. Faulkner, of 
Armour & Co., Mr. Cumming, of Surface 
Transportation Corp., and G. W. Laurie, of the 
Atlantic Refining Co. 

“Lubrication, without question, is the most 
important single factor in connection with en- 
gine wear,’ Mr. Faulkner declared. “Very def 
inite improvements have been made in lubricat 
ing oils, of which both the manufacturer and 
operator are taking advantage to reduce wear. 
Yet we find a great deal of confusion existing 
in the minds of many as to the type of oil to 
use and the length of time to use it between 
drains. 


difficulties 


“In a large fleet, maintenance expense will 
amount to 12% or 14% of total operating 
costs, whereas oil and grease expense will sel 
dom be in excess of 3%. Therefore, is it logi- 
cal to take unnecessary chances to reduce the 
smaller item which may have an adverse effect 
on the maintenance item? 


Service Influences Oil-Drain Period 


“I do not believe the subject of oil draining 
and its effect on wear can be generalized. To 
set an arbitrary drain period without knowledge 
of the operation is ridiculous. A refiner that 
advertises his oil can be used a certain number 
of miles in service is subject to the same crit 
icism as an engine manufacturer that puts a 
mile period on the drain, as both are shooting 
at oil costs and neither is assuming any respon 
sibility for engine wear. 

“To obtain the longest engine life between 
reconditioning periods, break in with a good 
quality light oil, and continue to operate on 
this viscosity oil until consumption becomes too 
great. Then step up one oil number and con 
tinue to operate until consumption becomes 
excessive, at which time re-ring or make neces- 
sary mechanical corrections to lower consump 
tion. I feel, as I have stated before, that when 
you have accumulated in the crankcase oil a 
total by volume of 1 per cent naphtha insoluble 
material, it is time to drain.” 

Mr. Cumming also contended that good lubri 
cation was the most important single factor u 
the whole wear problem. 

“Diesel engines, of which we operate 
100, are even more critical of lubricating oil: 
than the gasoline engine,” he declared. ‘No 
diesel Jubricant should be selected by specifica 
tion, but should be chosen after actual operating 
experiences. 
is probably 


ove! 


Viscosity of diesel lubricating oils 
the most important characteristic, 
and under operating conditions it should remain 
fairly constant if trouble is to be avoided. Sinc 
temperatures within the engine crankcase often 
range from less than 120 F to well over 200 F, 
it becomes apparent some means should be pro 
vided to keep oil temperatures more constant 
In my opinion, all automotive diesel engines 
should be provided with oil cooling radiators. 
“The tendency to form carbon is the next 


most important function of the oil to be se- 
lected. In our specification for Conradson Car 
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bon we limit the carbon to a maximum of 
0.35%. A good safe pour point to set up in a 
specification is Zero. 

“The lubricant, of course, should be well 
filtered, preferably in two stages, cleanable and 
disposable types, and the air to the engine 
should be filtered to the point that it is free of 
dirt and dust at all times. 

“According to our experience, diesel-engine 
cylinder wear should be approximately that of 
gasoline engines in the same service and under 
the same conditions.” 

Mr. Laurie in his paper gave the results of a 
study which showed that valve spring pressures 
play a very important part in 
failures. 


engine valve 

“Assuming a slight factor of safety,” Mr 
Laurie said, “it is felt that springs should be 
replaced when they fall below 57 Ib 


; pressure, 
which around miles of 
tion.” 


Another evidence that installing 
rings does not increase the rate of cylinder wear. 
Mr. Laurie concluded that “the act of re-ringing 
engines at certain predetermined mileages does 
result in better general operations and oil con 
sumption control without involving a penalty of 
increased rate of cylinder wear.” 

In written discussion of Mr. Faulkner’s paper, 
S. B. Shaw, of Pacific Gas & Electric Co., said 
that, in his opinion —an opinion based on gen 
eral observations and investigations of opera 
tions in California —“‘design contributes princi 
pally to engine wear, that is, wear of cylinders, 
rings, pistons, 


occurs 40,000 opera 


study gave 


engine bearings, timing 


valve stems, etc.” 


system, 


“The chief element of design which affects 
cylinder wear is temperature control,” he said. 
“Low operating temperatures cause excessive 
wear in more cases than do high temperatures.” 

“Another that influences 
wear 15 width. As a re 


sult of our observations we have been installing 


element of design 


top compression ring 


wider compression rings, 3/16 in. where pos- 
sible, in our engines. The 
wider 


temperatures 


effectiveness of the 


rings is greatest where average engine 
are lowest.” 

The oral discussion centered on lubrication. 

“What is a definition of oil of high quality?” 
asked A. L. Heintze, of Sinclair Refining Co 
“We have done 3,000,000 miles of testing and 
we are still wondering what it means. We feel 
that too much attention is paid to the fields the 
oils come from. 


particular 


A good oil is one that fits a 
lubricating problem. Certainly that 
oil which drains the dirtiest is the best oil for 
the engine —if you are interested in dirt.” 

Mr. Heintze took issue with the recommenda 
tion that a light oil be used during the break-in 
period. Larger engines, in 
should use a heavy said. At the 
behest of T. C. Smith, of American Telephone 
& Telegraph Co., Mr. Heintze explained that by 
heavy-duty he meant bus service, by larger en- 
gines he meant engines of 450 to 625 cu in. 
displacement, and that by heavier viscosity he 
meant SAE 50. 


heavy-duty 
viscosity, he 


service, 


The afternoon session on speed gear-changes 
was devoted to a paper on two-speed axles by 
J. R. Bartholomew, of Eaton Mfg. Co., and 
another paper on multi-speed transmissions by 


C. D. Peterson, of Spicer Mfg. Corp. Both 
papers dealt largely with mechanical details. 
Mr. Peterson’s paper was read by George T. 


Hook, editor of Commercial Car Journal. 

L. W. Fischer, of the Timken-Detroit Axle 
Co., pointed out in his written comments, “Since 
the range of overall gear reduction should be 


approximately the same and the overall effi- 
ciency should be equal, what governs the 
choice? 

“The engineering reason for a two-speed 


axle,” according to Mr. Fischer, “is the pro- 
vision of a slower gear ratio for easier starting, 
better acceleration and better hill-climbing abil- 
ity, and yet stay within the economy zone of 
the engine. The fast gear ratio enables a par- 
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tially loaded or empty truck to run at tastes 
road speeds with the engine speed kept down 
within the economy zone. This engineering 
basis would indicate that the two-speed 
should have a choice of 
above results with the 


axk 
ratios to get the 
particular power charac 
teristics of the engine of the vehicle in question 

“As to two-speed axles in capacities greater 
than vehicle weight, there is 
some question from an engineering standpoint 
as to whether this should be the jumping-off 
place between two-speed axles and compounded 


gear 


20,000 lb gross 


transmissions or the use of seven or eight speed 
transmissions. What about the 
400 |b of increased unsprung axle weight? Can 
the extra gear ratios be provided in the trans 


single 200 to 


mission for less chassis weight and for less 
cost? : 
Oral disc ussion de veloped c ndors¢ ments ol 


two-speed axles by Mr. Templin, by W. A 
Taussig, of Burlington Transportation Co., and 
by H. A. Lindrooth, of Western United Gas & 
Electric Co. 

At the transportation dinner Howard Ketcham, 
color engineer and consultant of E. I. du Pont 
de Nemours & Co., Inc., gave an interesting 
and instructive talk on the selection of color a 
related to truck and bus body design. 

The Public Utility Fleet Supervisors, a group 
organized under the Transportation & Maint 
nance Activity with John R. North as chairman, 


met at a closed session tollowing the meeting 


Tulsa F&L Meeting 


(Continued from page 10) 


lems are negligible, almost anv 
satisfactory, Mr. Ritchie claimed. 

The speaker this engine offers ex 
traordinarily good features in services where the 
higher first cost and higher maintenance cost of 
the diesel engine are retarding its introduction. 
This Multi-Fuel engine thrives on the cheaper 
fuels and does not want the premium quality 
products, he said, and noted that it is only 
slightly heavier than gasoline engines of the 
same horsepower. An interesting sidelight re 
vealed by Mr. Ritchie, is that the development 
of the engine was started by an oil driller oper 
ating a Hesselman engine who, wishing to ob 
tain the economy possible by burning natural 
gas available at his elbow instead of relatively 
expensive fuel oil, installed a carburetor, 
and plugged the hole where injector 
removed from the assembly. 


gor rd ol be ing 


believes 


gas 


the was 


Advances in Metal Cleaning 


Development of scienufic methods for clean 
ing automotive equipment has made great 
strides in recent years, according to H. Liggett 
Gray of Oakite Products, Inc. The older method 
of cleaning engine crankcases and working parts 
by flushing with a simple oil of low viscosity 
has been improved by adding acid-neutralizing 
and high-solvent-action materials to the flushing 
liquid for the more efficient removal of stub 
born deposits. Single flushing of cooling radi 
ators with water containing scale-removal mate- 
rials has been improved by the adoption of 
multiple-flushing which includes: 
sifying solution to and grease de 
(2) an acidic solution for scale removal, 
(3) an alkaline solution for neutralizing 
acid remaining in the system and to remove any 
oily materials still clinging to the surfaces. 


(1) an emul 
remove oil 
posits; 


and 


Cleaning aviation engines and parts involves 
the use of solutions which can be applied safely 
to aluminum and magnesium alloys without 
corrosion and weight loss, and this problem has 
been solved by the use of solvent-type cleaners 
which have no chemical action to attack the 
light and relatively delicate alloys. Heavy lubri- 
cant deposits caused by the high temperatures 
and pressures of aviation-engine operations re 
quire the use of special products for their re- 
moval. The best method for removing these 
deposits is by heating parts in the solvent cleaner 
in a closed tank with water-sealed cover, a 
method which has proved highly successful with 
the special solvents developed for the purpose. 


Modern Earth-Moving Methods 

Modern power scrapers of the rotary type can 
move 15 cu yd of earth per hr over a 300-ft 
haul using a 30 to 35-hp tractor, J. M. Davies, 
Caterpillar Tractor Co., stated in presenting up- 
to-date methods for moving earth for road and 
other types of construction. A 75-hp tractor can 
move 65 cu yd of dirt 300 ft per hr, while the 
newer 95-hp tractor can handle 23 yd of earth 
at a time at the rate of 95 yd per hr, hauling a 
distance of 2500 ft, he said. 


Two of the main problems in the design of 
these types of equipment are the prevention of 
dirt entry into the working mechanisms and 
the design of suitable reduction gears to enable 
the tractor to exert a heavy pull at a fairly high 
engine speed. Sprockets, housed 
avainst entry of foreign matter, have solved the 
reduction-gear problem. The seals are made of 
hemp, cork, and other materials with backing 
rings and adjustments for wear during opera 
tion. Brakes and clutches are housed in a dry 
compartment also sealed against dirt, and sepa 
rated from the driving gears. The newest seal 
design forces a cork composition ring against a 
plate pinned to the shaft, springs keeping the 
contact perfect and automatically adjusting for 
wear. 

Acetylene will cut metal at the lowest initial 
cost, but propane gives a cleaner cut which can 
be fabricated by welding without any expense 
for smoothing the original cut or removing slag, 
William T. Tiffin and O. R. Eads of the Uni 
versity of Oklahoma found in an exhaustive 
tests. Butane shows a clean cut and a 
fair rate of cutting, but costs are higher. Acety 
lene required 26.55 cu ft per hr to cut 1%-in. 
mild steel at a rate of 69.2 ft per hr, at a gas 
cost of 3.23¢ per ft. 


and sealed 


series of 


Propane was consumed at 


General Chairman 





B. E. Sibley, who as general chairman of 

the Fuels & Lubricants Meeting had much 

to do with its success. He presided at the 
opening-day dinner. 
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the rate of 1.21 cu ft per hr and oxygen at the 
rate of 178 cu ft per hr to cut 64.3 ft per hr, 
at a cost of 3.48¢ per ft. Butane used only 
0.723 cu ft per hr, but oxygen consumption 
was 237.5 cu ft per hr to cut 54.5 ft per hr at 
a cost of 5.45¢ per ft. Both propane and 
butane gave cleaner cuts than did acetylene, he 
explained, the lower cost of cleaning the pro- 
pane and butane cuts off-setting, somewhat, the 
lower first cost for acetylene. 


Trends in Military Equipment 


War abroad and preparedness in the United 
States aroused particular interest in discussion 
of military aircraft advances, by Brig.-Gen. Bar- 
ton K. Yount, assistant chief of the U. S. Army 
Air Corps, and information on motorization of 
armies revealed by Col. A. W. S. Herrington, 
president of Marmon-Herrington Co., Inc. 

Declaring that there is a definite trend to 
greater gross weight for each type of military 
airplane, Gen, Yount explained that this is due 
to increased performance, which has called for 
larger, heavier powerplants. The overall sizes 
of our standard types remain about the same, 
due to increasing compactness in design, he 
noted. Continuing trends include increases in 
speed through aerodynamic refinement and in- 
‘ creased power, and development of pressure- 
cabin airplanes for high-altitude flying, accord- 
ing to the speaker. He also stated that the twin- 
engine pursuit airplane has emerged as a service 
type. 

In commenting on progress in the field of 
aerodynamic refinement, Gen. Yount remarked 
that present effort is to achieve very smooth 
surfaces and true contours, and to eliminate all 
gaps and air leakages. He believes that in- 
creased wing loadings and improved high-lift 
devices are inevitable, and that assisted take-offs 
for certain types are a possibility. There is 
promise, he said, of achieving laminar flow over 
a large portion of the wing, with consequent 
large reduction in wing drag. This type of 
development points to pusher propeller installa- 
tions, he said. 

Compressibility shock is an imminent prob- 
lem, said Gen. Yount, and different wing sec- 
tions and different fuselage shapes are being 
evolved to avoid compressibility effect. This 
effect, he added, indicates that maximum speed 
will be attained near sea level. 

In structures, he believes, there will be in- 
creased use of stainless steel, magnesium, and 
plastic materials. 

The trend in aircraft powerplants, Gen. Yount 
stressed, continues to ever-increasing power, 
being achieved through greater specific output, 
larger engines, and higher speeds. Supercharg- 
ers, he added, are undergoing intensive develop- 
ment, and fuel of better than 100 octane rating 
soon can be expected in quantity. New prob- 
lems, he stated, are being brought forth by the 
trend toward driving propellers through exten- 
sion shafting. 

Regarding armament development, the speaker 
declared that it has kept pace with that which 
has characterized other airplane components. 

Col. Herrington, who was in Warsaw just 
before hostilities broke out and rushed through 
Germany to England, arriving there just in time 
to catch a ship which was just two days out 
when war was declared, gave intimate eye- 
witness impressions of events which were trans- 
piring at that time. He particularly stressed his 
observations of the motorized equipment of the 
now-belligerent nations. 

R. V. Kerley, assistant maintenance engineer 
at Wright Field, discussed the reasons why 
lubricating oils containing additives are not used 
by the Air Corps in aviation engines. Although 
some engine manufacturers advise their use by 
commercial air lines, the adoption of such addi- 
tives by the Air Corps would involve practically 
insurmountable difficulties in specifications, in 
determination of the efficacy of individual addi- 
tives, and in the use of these products in service. 
He pointed out that the Air Corps must pur- 
chase on specification, that it could not show 
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partiality in its use of additives unless, possibly, 
one might be developed so greatly superior to 
all others that an exception might be made. 
Storage problems, and those involved in mixing 
oils containing different additives which might 
be incompatible, are other problems which have 
not been worked out, he said. He intimated, 
however, that the Air Corps is not opposed to 
lubricating-oil additives per se, if attendant 
problems can be solved for additives which are 
efficient enough to warrant their use. 

Mr. Kerley pointed out that with the “hop- 
per” system of lubricating oil container in the 
present-day engine, oil reclamation is not neces- 
sary, and indicated that reclaiming methods will 
doubtless be abandoned when all engines are 
equipped with the hopper-type oil sump. 


Education Engenders Peace 


Citing the futility of endeavoring to bring 
permanent peace between nations and within 
them by treaties, by legal enactments, or by 
trade union agreements, C. B. Veal, research 
manager of the SAE, classified these efforts as 
panaceas which have only checked temporarily 
the fever of hostility, or disguised or delayed 
their manifestations. “For a cure,” he declared, 
“we must consecrate ourselves unflaggingly to 
the long slow process of building up resistance 
to the disease in the very nature of man. Under- 
standing and tolerance of others, and the con- 
viction that the seeds of individual fulfillment 
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lie in the individual himself and need only his 
cultivation for their fruition—these are the 
mental attitudes which constitute such resistance, 
Through education alone are they engendered 
and nourished.” 

The term “education,” he said, includes not 
only schooling, but a “life-long process of ac- 
quiring information, sharpening the senses, and 
strengthening the powers of thought and com- 
prehension.” Mr. Veal traced the growth of 
adult education through the more advanced 
nations of the world, referred to the rising age 
limit in engineering education, and stressed the 
important role of professional engineering so- 
cieties in continuing the development of engi- 
neers after they leave college. 

Of the Society of Automotive Engineers he 
said, “Our students and potential teachers are 
our members, a group of 6000 men upon whose 
intelligence, training, and effort depend the 
technical progress of the Country’s second larg- 
est industry. Our text book is the SAE 
Journal. . . . Our research and standards work 
may be regarded somewhat as the special thesis 
work of our SAE University... . 

“By participating in the work of the SAE,” 
he concluded, “its members are identifying 
themselves with the growing educational move- 
ment which recognizes no age limit. They have 
not only the practical and mental satisfaction of 
becoming better engineers; they are also con- 
tributing to that general enlightenment which 
alone can make the world safe for mankind.” 


Strides in Modern Railroading 
Theme of Big Chicago Meeting 


How the use of high-tensile rust-resisting 
steel, new methods of car building, and the 
development of diesel-electric locomotives have 
ushered in a new era of rail progress in answer 
to the challenge for speed and luxurious com- 
fort, was told by three speakers at the Regional 
Truck, Bus & Railcar Meeting of the Chicago 
Section, Oct. 6. Joint efforts of the railroads, 
car builders, and automotive engineers were 
credited for these developments. E. A. Sipp, 
Burgess Battery Co., was general chairman of 
the event which was planned with the coopera- 
tion of the Society’s Truck, Bus & Railcar Ac- 
tivity. Well over 100 rail and automotive engi- 
neers were oft hand for the morning and evening 
sessions, and for the afternoon trip during which 
the streamliners “400,” “City of Denver,” and 
“City of Los Angeles’ were inspected at the 
Chicago & North Western yards. 

Highlights of the Pullman company’s stream- 
lined train development from the first all-alumi- 
num car built in 1933 to the advanced series of 
today, were traced by Peter Parke, chief engineer 
of the Pullman-Standard Car Mfg. Co., in the 
first of two papers presented at the opening ses- 
sion. Sharing the program was Col. E. J. W. 
Ragsdale, chief engineer, Rail Car Division, Ed- 
ward G. Budd Mfg. Co. Both speakers were 
introduced by Session Chairman A. R. Walker, 
electrical engineer, equipment, Illinois Central 
System. 

Earlier streamliners, Mr. Parke pointed out, 
had cars of the articulated type, but the present 
trend is towards non-articulated cars for maxi- 
mum flexibility in train make-up, permitting 
cars to be added or cut out. Moreover, the trend 
is towards cars with vertical sides instead of the 
true streamline shape, in order to give added 
space to the car interiors, the speaker declared. 

Running gears, he said, must be suitable for 
high speed service, hence wheels and axles are 
different in chemistry and treatment from the 
conventional cars. Trucks are different, too. 
Smoothness in riding quality has been achieved 
in a modified 4-wheel equalized type of truck, 
with helical bolster springs, one-way snubbers 
and bolster stay rods in place of chafing plates. 
The shock absorbers check rebound and break 


up harmonic spring vibrations. All trucks on 
high speed service employ roller bearings, he 
noted. 

Braking of cars at speeds of from 100 mph 
up introduces new problems, Mr. Parke stressed, 
as indicated by the fact that braking at such 
speeds is nearly twice as severe as at speeds of 
75 mph. The latest development in brakes for 
high speed trains is to brake cars at 250% 
(ratio of brake-shoe pressure to static load on 
wheel), and to provide a retarding control 
which automatically reduces the brake-cylinder 
pressure as the speed is reduced. With this new 
brake, Mr. Parke pointed out, train stops from a 
speed of 100 mph can be made in 3600 ft. With 
conventional brakes, it requires 6000 to 7000 
ft, he stated. 

Air-conditioning systems in streamliners, the 
speaker explained, are of two types, the mechan- 
ical-compression system of refrigeration (includ- 
ing electro-mechanical), and the steam-ejection 
system of refrigeration. Mechanical compression 
systems employ Freon, a non-toxic and non- 
inflammable liquid as refrigerant, and a 5 to 
7%-ton refrigeration compressor. The steam- 
ejector system uses steam from the locomotive 
through the steam trainline. Power for operat- 
ing the auxiliaries in this cooling method is 
taken from the car lighting system. 

The principal problem with air conditioning 
in sealed-window Pullman cars, divided into 
numerous small units, is to so proportion the 
volume of air handled as to obtain a uniform 
and draft-free air distribution at all times in all 
portions of the car, and to do a good air-condi- 
tioning job in the “in-between season’’ when 
neither cooling nor heating is an indicated neces- 
sity, Mr. Parke revealed. 

Power for car lighting and miscellaneous aux- 
iliary equipment, according to the speaker, ordi- 
narily requires from 5 to 72 kw electric gen- 
erators. New car lighting features glareless, 
well-diffused illumination, with light concen- 
trated where needed. ‘Economy in current con- 
sumption,” Mr. Parke declared, “is important, 
as we are limited in the amount of power which 
can be taken from the car axle.” 
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Supplementing his talk, Mr. Parke presented 
a sound moving picture describing and illustrat- 
ing the fabrication of a modern streamlined 
train in the shops of the Pullman-Standard Car 
Mfg. Co. 

The second speaker, Col. Ragsdale, in his 
paper, “The Inside Story of a Weld,” explained 
that “shotweld” is a trade name distinguishing 
ordinary spot welding from a controlled form 
designed to prevent harmful disturbance of the 
properties of the metal in the weld or in the 
metal surrounding it. Illustrating his talk by 
slides, Col. Ragsdale showed that the shape of 
the weld is most important. In the “shotweld” 
there actually is a bonding between the weld 
slug and the surrounding metal which is just as 
tenacious as the metal itself, he declared. While 
a flat-headed rivet may inspire confidence, the 
spot weld, which is hidden, Col. Ragsdale 
pointed out, may have just as much actual re- 
sistance to the parting of the plates, plus the 
advantage of having no weakening hole. This, 
he said, applies to a good weld of good metal, 
and of proper shape. 

In the process of ‘“shotwelding” stainless steel, 
the weld is actually a miniature ingot cast in a 
chill mold, the speaker explained. Time of 
welding may be as short as one-half cycle, or 
1/120 sec for very thin material, or as long as 
18 cycles for several sheets of % in. thickness. 
The time element is not only important for 
stainless steel, but has a very direct bearing upon 
the shape of the weld, regardless of the type of 
steel to be welded, he said. 

Col. Ragsdale explained that in checking 
welds, when using the “shotweld” system, re- 
liance is placed upon a so-called “recorder,” an 
instrument which draws on a paper taper a line, 
the length of which is proportional to the weld 
strength. There is one line for every weld made. 
If the line is short, there is a weak weld. If it 
is long, there is an oversized weld, or perhaps a 
burned one. If the line is too short, or too long, 
a bell rings. 

Many things can affect the weld, declared Col. 
Ragsdale. The size of the weld with reference 
to the thickness of the sheets to be welded is 
most important, as is the proportioning of cur- 
rent, electrode pressure, and time. Variation of 
these can influence not only strength, but fatigue 
and shock resistance. In a riveted joint the 
stress lines have to avoid the rivet hole but in a 
spot weld, the weld material can take tension 
and the stress lines can pass through it. 

Toastmaster of the evening dinner session was 
Ernest Kuehn of the Electro-Motive Corp., who 
introduced speaker Carl Raymond Gray, Jr., 
executive vice-president of the Chicago, St. Paul, 
Minneapolis and Omaha Railway Co., whose 
message, “Modern Streamlined Railroading,” 
was accorded a tremendous ovation. 

Streamlining, declared Mr. Gray, is more than 
a mere style for the railroads. It has a very 
practical and stimulating effect upon most recent 
engineering achievements of the railroads, all in 
keeping with the objective of providing the low- 
est unit cost in hauling a net ton one mile in 
the shortest time, or “net tons per train mile per 
hour,” in railroad parlance. 

Reviewing railroad history of the 19th cen- 
tury from the early steam locomotives such as 
Stephenson’s “American”? and “Rocket,” Peter 
Cooper’s “Tom Thumb,” and the “Stourbridge 
Lion,” to the present, Mr. Gray cited the rapid 
improvements which came to pass with the com- 
pound engine; the articulated engine of Fairlie, 
improved by Mallet; the introduction of piston 
valves and the superheater by Schmidt; plus 
many others. Filling out the historical picture 
of locomotive design, the speaker cited the early 
4-4-0 type, of which the famous ‘‘999” was an 


S.A.E. JOURNAL 


example, and the 4-6-0 type of 1895. This type, 
with high boiler capacity and 66 in. drivers, the 
speaker asserted, ran from Chicago to Buffalo at 
an average speed, including stops, of 63.6 mph. 
As the result of demand for faster freight ser- 
vice, the diameter of wheels on freight engines 
was increased, averaging from 69 in. to 76 in., 
with changes also from a 6-coupled to an 
8-coupled type. 

Today, we must figure on net tons per train- 
mile per hour, declared Mr. Gray, and as devel- 
opments in this direction he cited the improve- 
ment in road beds from the early strap rails on 
wood stringers to the 112, 131 and even 150 lb 
section rails of today, laid on creosoted ties 
anchored in crushed-rock ballast; and the devel- 
opment of the automatic train control and im- 
proved design in track and bridge structures. 
Among other developments, he called attention 
to the Sperry “detector car’ for detecting fis- 
sures in rail sections; the mechanical spike 
pullers; and the mechanical track jack. 

Then, he said, came the diesel engine, and the 
first Union Pacific streamliner delivered by the 
Pullman company Feb. 12, 1934. Seating 116 
passengers, the entire train with powerplant was 
about equal in weight to but a single Pullman 
sleeper. Fully air conditioned, it had a maxi- 
mum speed of 110 mph. Then came the 
Zephyrs, and ever since a constant parade of the 
new and better trains we know today. The first 
streamliner, Mr. Gray pointed out, is still oper- 
ating daily from Salina, Kan., to Kansas City, 
Mo. 

Added to the new equipment list are diesel- 
electric switch engines, which on three 8 hr 
shifts, Mr. Gray declared, reduce costs to the 
minimum per car switched. Experiments, more- 
over, are being made in light-weight freight 
cars. Cars of this type are being added for the 
purpose of securing greater payload per unit and 
increasing revenue in net tons per train. 

Streamlining is being applied through all de 
partments of railroad operation, both mainte- 
nance and transportation, the speaker said. Im- 
portant, too, he declared, is the effect upon the 
personnel in providing more pay for fewer hours 
of service, because of the speed-up in the time 
on duty between terminals. Diesel-electric loco- 
motives, air conditioning, and such developments 
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have stepped up the whole tempo of the rail- 


roads. Closing with a generous tribute to the 
contributions of the aircraft, the automotive, and 
other industries, which have aided in this 


streamlining advance, Mr. Gray concluded his 
discourse with a eulogy dedicated to the theme 
“I Am a Railroad Man.” 

Preceding Mr. Gray’s address, C. W. Spicer, 
past president of the SAE and honorary guest 
of the evening, commented on the growing 
community of interests among railroad engineers 
and automotive engineers in solving common 
transportation problems, particularly from the 
standpoint of diesel-engine development, light- 
weight steels, and new fabrication methods. Be 
cause of this trend he advocated consideration of 
a separate activity in the SAE devoted to railroad 
and rail car problems. 


1940 Cars Analyzed 
At Closed Meeting 


@ Metropolitan 

The first public discussion of the new Olds- 
mobile automatic transmission was given before 
the Metropolitan Section, Oct. 19, by Harold F 
Blanchard, technical editor of Motor, who de 
voted a half of his paper on “‘1940 Cars’’ to the 
Hydra-Matic drive. 

Copiously illustrated with photographs and 
schematic drawings the paper, which covered all 
1940 passenger cars, was heard by nearly 250 
members at the Section’s only closed meeting of 
the year. The transmission, Mr. Blanchard said, 
was developed by Oldsmobile and General Mo 
tors engineers after eight years of intensive work. 

Following Mr. Blanchard’s presentation, Rob- 
ert N. Falge, chief engineer of the Guide Lamp 
Division, General Motors Corp., Donald 
Blanchard, secretary of the SAE Engineering 
Relations Committee, presented a paper on the 
new Sealed-Beam headlamps. 

The Hydra-Matic drive, Harold Blanchard 
said, has been successfully road-tested at atmos 
pheric temperatures ranging from 15 F to 
+115 F. The unit is readily taken apart and 
put together for cleaning, and little or no ser- 
vicing is expected to be needed if the motorist 

(Continued on 
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Met Section Honors Heldt 
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*hoto by Leslie Peat 


Peter M. Heldt (M '06), engineering editor of Automotive Industries, receiving 
a gift from the Metropolitan Section presented by Joseph A. Anglada (standing), 
at the Section's Oct. 19 meeting. The tribute to Mr. Heldt included a certificate, 
presented by Merrill C. Horine, past-chairman of the Section (second from left), 
which cited Mr. Heldt's long service as a writer and editor for automotive mago- 
zines, an important contributor to automotive technical literature, and his devotion 
to high engineering standards. Extreme left, Henry M. Crane, General Motors Corp., 


a past-president of the Society. 
Motor, a speaker at the meeting. 


Right, Harold M. Blanchard, technical editor of 











About SAE Members: 





CLARENCE M. BELINN, formerly superin 
tendent of Boston & Maine Airways, heads the 
aircraft activities of the Kansas City Southern 
Railway Co. which is petitioning the Civil Aero- 
nautics Authority for the right to operate an au 
line between Kansas City and New Orleans. 


WALTER L. GORDEN, formerly engineer 
with International Harvester in Chicago, has 
been named chief engineer of Kissel Industries, 
Hartford, Wis., manufacturers of 
motors. 


WILLIAM M. HAYES, who for the past 13 
vears has been Detroit district manager of the 
Air Reduction Sales Co., on Nov. 1 joined the 
sales organization of J. P. Mallory & Co., Ine. 
Mr. Hayes will concentrate his activities in the 
Central West, and will work directly from the 
plant at Indianapolis. 


ROBERT J. PRITCHARD, who has been 
editor of Western Flying since Vol. 1, No. 1, 
was published in January, 1926, recently joined 
the Glenn L. Martin Co. at Baltumore. 


D. E. GAMBLE, for eleven years vice-presi 
dent and general manager of the Borg & Beck 
Division of the Borg-Warner Corp., Chicago, 
has been named president of the Pump Engi 
neering Service Corp., a Borg-Warner subsidiary 
making aviation fuel, vacuum and _ hydrauli 
pumps. He will continue in his Borg & Bech 
capacities. Last year Mr. Gamble was chairmap 
of the SAE Chicago Section. 


outboard 


AUSTIN M. WOLF, who has been director 


of standards in the Division of Standards and 


Austin M. Wolf 


Duties Increased 


Purchase of the State of New York, has in addi 
tion been appointed acting assistant deputy com 
missioner of the division. 


SAMUEL W. GRAY, who was director of 
tractor engineering and _ sales, Marvel-Scheblet 
Carburetor Division of Borg-Warner Corp., 
Flint, Mich., has been appointed general man 
ager of the division. Mr. Gray has been with 
the Marvel-Schebler organization since 1929 and 
had been field representative of the Wheeler 
Schebler Carburetor Co. for 6 years before it 
became part of the Borg-Warner Corp. 


CARL M. KALTWASSER, formerly general 
manager of the Marvel-Schebler division, is now 
attached to the central office of the corporation. 


JOHN R. EMERSON, formerly assistant 
chief engineer, has been chief engineer of 
Marvel-Schebler Carburetor Division of Borg- 
Warner Corp. since September. 


WILLIAM C. OSBORN, formerly division 
superintendent of the Murray Corp., Detroit, 
has moved to Los Angeles where he has estab- 
lished an industrial methods engineering service 


GEORGE D. CREMER is test engineer with 
the Hardy Metallurgy Co., New York 


December, 1939 


The Chemical Industry Medal for 1939 was 
prese nted to DR. ROBERT E. WILSON at a 
joint meeting of the American Section of the 
Society of the Chemical Industry and the New 
York Sections of the American Chemical Society 
ind the American Institute of Chemical Engi- 
neers in New York, Nov. to. After accepting 
the medal, Dr. Wilson, who is president of the 
Pan American Petroleum and Transport Co., 





Dr. Robert E. Wilson 


Gets Chemical Award 


spoke on “Refinery Gases as Chemical Raw 


Materials.’ Participating in the presentation was 
THOMAS MIDGLEY, JR., vice-president of the 
Ethyl Gasoline Corp. 

Active in research work since receiving his 
B.S. degree from M.I1.T. in 1916, Dr. Wilson 
has devoted considerable study to vapor pres- 
sures, war-gas absorbents, flow of liquids, lubri- 
cation, physical properties of hydrocarbons, px 
troleum chemistry, and corrosion, and_ holds 
numerous patents in these and other subjects 


JOHN W. LANE, chairman of the New En 
vland Section last year, has been transferred by 
Socony Vacuum Oil Co., Inc., from Boston, 
where he was chief automotive engineer, to the 
home office in New York. 


LAURENCE K. JENKINS, formerly engineer 
with the Centaur Corp., Greenwich, Ohio, 1s 
layout draftsman with the Thew Shovel Co., 
Lorain, Ohio. 


THOMAS F. BERGMANN has been trans 
ferred by the Wright Aeronautical Corp. from 
Paterson, where he was test engineer, to Wright 
Field, Dayton, Ohio, where he is engineering 
representative, materiel division. 


JOHN G. WILLIAMS, formerly experimental 
cngincer, Superior Engine Division, National 
Supply Co., Philadelphia, has joined the Allison 
Engineering Division of General Motors Corp., 
Indianapolis. As a member of the engineering 
department he will devote his attention to v1 
bration investigations in engines and engin 
mountings. 


GEORGE F. STEIN is with the Aircraft 
Industries Corp., Glendale, Calif., as aircraft 
ind engine mechanic. He formerly was ma- 
chinist with M. Davidson & Co., Stockton, Calif. 


FRANK W. RIDDELL, who was granted his 
Master of Science degree by the Massachusetts 
Institute of Technology in August, is with the 
Lycoming Division of Aviation Mfg. Corp., 
Williamsport, Pa. 
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The new mayor of the City of Grosse Pointe, 
Mich., is MASON P. RUMNEY, vice-president 
of the Detroit Steel Products Co. and a member 
of the city council. He was elected without 
opposition. Mr. Rumney has been a member of 
the SAE since 1912. 


E. E. BRYANT is vice-president and trea 
surer of the Nelson Muffler Corp., Stoughton, 
Wis., a new organization which has taken over 
the manufacture of tracter, motorcycle, and 
light industrial mufflers formerly made by the 
Burgess Battery Co., Chicago. Mr. Bryant for 
merly was affiliated with Burgess as sales engi 
neer, acoustic division. 


B. H. GILPIN recently was appointed ex 
ccutive vice-president of the Chandler-Evans 
Corp., South Meriden, Conn., manufacturers of 
aircraft carburetors. Prior to this appointment 
Mr. Gilpin was assistant general manager of 
the Bendix Radio Corp., Baltimore, Md. 


B. C. HEACOCK, president of Caterpilla 
lractor Co., has been appointed a member of 
the Illinois Emergency Relief Commission by 
Gov. Henry Horner of Illinois. 


HAROLD McCULLOUGH KING, formerly 
radio engineer, Stewart-Warner Corp., is with 
the Republic Steel Corp., Massillon, Ohio. 


ROBERT M. BARNHART is assistant to the 
chief engineer of the Utility Trailer Mfg. Co., 
Los Angeles, Calif. Formerly he was chief en- 
gineer of Brown Industries. Spokane, Wash 


R. H. BURROUGHS, JR., is taking a post 
graduate course at the Boeing School of Aero 
nautics, Oakland, Calif., on a scholarship which 
he won before graduating from Princeton Uni 
ersity last June. 


IRVING WHITEHOUSE, who has been sales 
promotion manager, Steel & Tubes, Inc., Cleve 
land, recently was named manager of the prod 


uct development division of Republic Steel Corp., 
in the same city. 


RICHARD CHARLTON HUGHES was 
named chief inspector, aero engine repairs de- 
partment, by Humber Hillman, Ltd., Coventry, 
England, on Oct. 1. Formerly he was transmis 
sion development engineer with the compan 


S. E. WILLETT, joint general manager ot 
Clayton Dewandre Co., Ltd., Titanic Works. 
Lincoln, England, also has been named director 
of Gyral Gears, Ltd., of the same city. 


IRA S. SNEAD has been named vice-presi 
dent of the White Motor Co. in charge of the 
bus division. This appointment follows Mr 


Ira S. Snead 
Named 
Vice-President 





Snead’s connection with the company as rc 
gional manager with headquarters in Chicago. 
His new headquarters will be at the company’s 
executive office in Cleveland. 


HENRY DANNEMANN, I], has been named 
regional engineer of the Tide Water Associated 
Oil Co., with headquarters in Boston. Previ- 
ously he was in the New York office of the 
company as industrial engineer. 

(Continued on following page) 
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WILLIAM H. HUBNER, who for the past 
10 years has been connected with the Universal 
Oil Products Co., Chicago, has been named to 
head the Ethy! Gasoline Corp.’s newly-estab- 
lished refinery technology division, according to 
an announcement by DR. GRAHAM EDGAR, 
vice-president of the corporation. The new 
division, it was stated, will aid refiners in 
meeting the problems arising from advances 


William H. Hubner 
To Ethyl 





in petroleum chemistry and automotive engi- 
neering, and will work closely with the re- 
search department of the Ethyl corporation. 
The division will begin operation about Jan. 1, 
and will be located in Detroit. With the Uni- 
versal Oil Products Co. Mr. Hubner has been 
in charge of engine test and engine research 
work in motor fuels. Prior to this change 
Mr. Hubner was secretary of the SAE Chicago 
Section. 


GEORGE E. POPE, formerly factory manager, 
Raybestos-Manhattan, Inc., Raybestos Division, 
Bridgeport, Conn., is consulting engineer in 
Stratford, Conn. 


LEWIS J. MARSHALL, formerly superin- 
tendent of maintenance for the Boston Store, 
Chicago, holds the same title with Metropolitan 
Deliveries, Ltd., of the same city, which pur- 
chased the Boston Store fleet. 


FORREST L. JOHNSON, who was in charge 
of routing operations, Curtiss-Wright Corp., St. 
Louis, is with the Curtiss Aeroplane Division, 
Buffalo, N. Y., as foreman of the tool-die divi- 
‘sion. 


FRANK JOSEPH HODER, JR., is retail sales 
manager of Petrol-Diesel, Inc., Philadelphia, dis- 
tributor for General Motors diesel engines. He 
was in charge of the experimental and research 
department, National Supply Co., of the same 
city. 


WILLIAM C. GOULD, who was managing 
director of American Aircraft Corp., Antwerp, 
Belgium, is president of William Gould & Asso- 
ciates, Essex, Conn., marketing experts and com 
mercial engineers. 


LESLIE T. MILLER, formerly field engineer, 
Wright Aeronautical Corp.. Paterson, N. J.. is 
with the Glenn L. Martin Co., Baltimore, Md.., 
as powerplant engineer. 


HAROLD F. HAMMOND, director, traffx 
division, National Conservation Bureau, New 
York, recently was elected secretary-treasurer of 
the Institute of Traffic Engineers. 


JOSEPH H. BURROUGHS, JR., is drafts 
man with the Birdsboro Steel Foundry & Ma 
chine Co., Birdsboro, Pa. 


DAVID BEECROFT, Bendix Products Divi 
sion, Bendix Aviation Corp., and CAPT. E. V. 
RICKENBACKER, president and general man 
ager, Eastern Air Lines, are members of a com- 
mittee perfecting plans for a national organiza 
tion of automobile old timers. 


FRED H. COLVIN is co-author, with Frank 
A. Stanley, of American Machinist Handbook, 
the seventh edition of which, completely revised, 
is to be released on Jan. 1. Mr. Colvin is editor 
emeritus of American Machinist, a McGraw-Hill 
publication. 
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HENRY FORD has received an_ honorary 
life membership in the Institution of Mechani 
cal Engineers, England. This is the highest 
honor which the Institution confers upon a 
living engineer. 


F. C. KERNS, The Texas Co., was elected 
vice-president of the National Lubricating 
Grease Institute at its recent annual convention 
in Chicago. He also has been named to head 
an advertising campaign to be launched by the 
Institute this year. 


ALBERT M. PATTERSON has been named 
president of the Aeronautical Mfg. Corp., Buf- 
falo, N. Y. He was with the Bell Aircraft Corp., 
of the same city, in charge of testing. 


W. B. BIRREN, formerly western service 
representative, Wright Aeronautical Corp., with 
headquarters in Los Angeles, is vice-president, 
treasurer, and service manager of Wright Aero, 
L.td., of the same city. 


Since Oct. 1, C. V. McKAIG, formerly vice 
president of sales, U. S. Steel Corp. of Del., 
Pittsburgh, Pa., has been appointed assistant 
to the president. 


Appointment of H. C. McCASLIN as chassis 
engineer of Willys-Overland Motors, Inc., rr 
cently was announced by DELMAR G. ROOS, 
vice-president of engineering. Mr. McCaslin 
previously was with Willys-Overland from 1930 
1933. He left there to take an engineering posi 
tion with the Cities Service Gas & Oil Co. at 
Fort Worth, Texas, and later became chief engi 
neer of the Shuler Axle Co., Louisville, Ky. 


DR. F. L. MILLER, assistant director, Esso 
Laboratories, Standard Oil Development Co., 
Elizabeth, N. J., addressed the Nov. 9 meeting 
of the Washington Section of the American 
Society of Mechanical Engineers. He spoke on 
the chemical aspects of bearing lubrication. 


JAMES S. MARVIN, on Jan. 1, will open 
offices in New York for consultation on trans 
portation and trade association matters, follow- 
ing his retirement as assistant general manager 
and general traffic manager of the Automobilc 
Manufacturers Association. Mr. Marvin organ- 


ized and has headed the group activities of the 
automobile manufacturers through which the 
transportation problems of their extensive for 
eign and domestic business are guided. He is a 
past-president of the Trade Association Execu- 
tives in New York City; a member of the ex- 
National 


ecutive committee of the Industrial 





James S. Marvin 
Opens Offices 


Traffic League; a member and former director 
of the Traffic Club of New York, and is ad- 
mitted to practice before the Interstate Com- 
merce Commission. 
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After a four-month leave of absence from the 
Aero Industries Technical Institute, CURTIS 
L. BATES recently returned from Sweden to 
his post as chief engineer of the Institute. Mr 
Bates left late in June to take charge of pre 
liminary design and stress analysis of a new 
dive bomber being developed by the Svenska 
Aeroplane Works at Linkoping, Sweden. In 


from Sweden, 


returning Mr. Bates, his wife. 
and young son were aboard the liner “Drott 
ningholm”’ which cruised a day and a half up 


the coast of Norway, to avoid submarine areas 
around northern Scotland, before turning west 
ward. 


Appointment of W. S. WOLFE, former man 
ager of the development department of Th: 
Goodyear Tire & Rubber Co., as factory man 
ager of all of its factories in the United States, 
recently was announced by P. W. LITCH- 


W. S. Wolfe 
Factory Manager 





Mr. 
joined Goodyear in 1912 following his gradua 
tion from Massachusetts Institute of Technology 
He later left the company to become vice-presi 
dent of the Seiberling Rubber Co 


FIELD, president of the company. Wolfe 


, but returned 


to Goodyear in 1934. 


D. WESTON DAY, the first chairman of th 
SAE Student Branch, organized last spring at 
the University of Wisconsin, joined the Wau 
kesha Motor Co., Waukesha, Wis., after grad 
uating with the Class of °39. He is engaged 
in sales department training and statistical work 


with the ultimate expectation of joining the 
company’s field sales staff. A former Purdue 
SAE Student Branch member, FRANK W. 


DOYLE, Class of °36, preceded Mr. Day in 
this training, and is now on active field duty 
at the company's Los Angeles branch office 


E. << HORNER, assistant to the 
General Motors Corp., addressed a joint meet 
ing of the Metropolitan Sections of the Amer 
ican Society of Mechanical Engineers and _ the 
American Society of Civil Engineers in New 
York, Oct 31. Mr. Horner’s paper, “Problems 
of the Highway User in the United States,’ 
originally was prepared for the British Ameri 
can Engineering Congress scheduled for Sep- 
tember, but canceled because of 
Furope. 


chairman, 


conditions in 


KENNETH I. ROBINSON, a recent Univer 
sity of Wisconsin graduate, is with the Milwau 


kee Gas Specialties Co. as a student engineer 


PAUL F. STRAUB, former junior enginee: 
with the Chrysler Corp., Highland Park, Mich 
is at the San Bernardino, Calif., laboratory of 
the Ethyl Gasoline Corp. 


The appointment of E. W. 
rector of service of the Fruehauf Trailer Co.., 
Detroit, was announced recently. Mr. Stock, 
for the past 8 years, has been general service 
manager of the White Motor Co., Cleveland, 
with which he was affiliated for 24 


STOCK as di 


years. 


WILSON H. MORIARTY has been advanced 
from sales engineer to sales manager of the 
National Malleable & Steel Castings Co., Cleve 
land. 





December, 1939 


A. T. COLWELL, vice-president, Thompson 
Products, Inc., participated in a forum and 
round-table discussion on “An _ Engineering 
Evaluation of the European War” at the Nov. 14 
meeting of the Cleveland Engineering Society. 

RALPH G. ABBOTT is southern branch 
manager of the Ensign Carburetor Co., Dallas, 
Tex. He formerly was with the Pierce Gover- 
nor Co., Anderson, Ind., as development engi- 
neer. 

SID G. HARRIS, a past-chairman of the 
Metropolitan Section, has resigned his position 
as district manager of the Macmillan Petroleum 
Corp. Before joining Macmillan he was sales 
engineer with Continental Motors Corp. 


JOSEPH HORVATH, who graduated in June 
from the University of Detroit, where he was 
a member of the SAE Student Branch, is with 
Vickers, Inc., Detroit, manufacturers. of hy- 
draulic equipment. 


GEORGE A. BEATTY, formerly mechani- 
cal engineer, assembly, engineering division of 
Pontiac Motor Division of General Motors 
Corp., is engineering report writer with the 
same division. 

JOHN L. S. SNEAD, JR., superintendent of 
operations, Consolidated Freight Lines, Inc., 
Portland, Ore., is working on a_ heavy-duty 
truck building enterprise that will be located 
at Salt Lake City, Utah. Six big truck operat- 
ing companies, including his, have combined 
under the name of Freightways, Inc., to build 


trucks to suit their exacting heavy-duty re- 
quirements on the coast and as far east as 
Minneapolis. Mr. Snead will be responsible 


for design and manufacture. He recently vis- 
ited SAE Headquarters while on a tour cover- 


ing the principal automotive centers in the 
East and Middle West. 
GEORGE H. LANCASTER, formerly auto- 


motive engineer, Tide Water Associated Oil Co., 
Bayonne, N. J., has been transferred to New 
York, where he is lubrication engineer. 


WATSON ARMBRUSTER, II, formerly a 
dynamometer operator with the Pontiac Motor 
Division of General Motors Corp., has joined 
the International Plainfield Motor Co., 
field, N. * as tester. 


FELIX BOWKER SCHOFIELD is time and 
motion study expert with the British Tyre & 
Rubber Co., Ltd., Leyland, Lancaster, England. 
Previously he was design draftsman with Fairey 
Aviation Co., Ltd., Heaton Chapel, Stockport. 
Lancaster. 


WOODROW C. MARCUS, formerly a stu- 
dent at the University of Michigan, is with the 
Wright Aeronautical Corp., Paterson, N. J. 


LAWRENCE J. GRUNDER and Mrs. Grun- 
der entertained members and guests of the 
Southern California Section at their home just 
prior to the National Aircraft Production Meet- 
ing. Dinner, prepared over an outdoor grill, 
was served in the patio. Bridge and other games 
followed. 


Plain- 


Among officers recently elected by the Na- 
tional Battery Manufacturers Association, Inc., 
are B. F. MORRIS, vice-president, Thomas A. 
Edison, Inc., 1st vice-president, and E. T. 
FOOTE, vice-president, Globe-Union, Inc., 2nd 
vice-president. F. C. KROEGER, general man- 
ager, Delco-Remy Division, General Motors 
Corp., and J. H. McDUFFEE, vice-president, 
Electric Auto-Lite Co., continue as directors of 
the organization. 


On ASME Program 


When the American Society of Mechanical 
Engineers holds its Sixtieth Annual Meeting in 
Philadelphia, Dec. 4-8, the following SAE mem- 
bers will be among those presenting papers: 
THOMAS BARISH, Marlin-Rockwell Corp.; 
C. S. DRAPER, Sperry Gyroscope Co.; VICTOR 
W. PAGE, consulting engineer; and F. L. 
YERZLEY, E. I. du Pont de Nemours & Co. 


ABOUT SAE MEMBERS 


“The ABC of Aviation,” a simplified guide to 
modern aircraft by VICTOR W. PAGE, licuten- 
ant colonel, United States Air Corps Reserve, 
and consulting engineer, recently was published 
by the Norman W. Henley Publishing Co. 

R. C. ALDEN, who heads the research de- 
partment of Phillips Petroleum Co., Bartlesville, 
Okla., has recovered sufficiently from an emer- 
gency appendectomy to be back at his office. 

. . WILLIAM M. CLARK, former New En- 
gland Section Chairman, who is transportation 
manager of the S. S. Pierce Co., Boston, is back 
on the job after an attack of pneumonia that 
put him in the hospital for a few weeks. .. . 
Canadian Section Vice-Chairman for Montreal, 
H. ROGER HOLDER, is reported recuperating 
after being confined to bed with pneumonia. 
He is superintendent of the bus department, 
Montreal Tramways Co. 

NORMAN B. HAWKER, a graduate of Poly- 
technic College of Engineering, Oakland, Calif., 
is student engineer with the National Motor 
Bearing Co., Berkeley, Calif. 


About Authors 
(Concluded from page 7) 


@ D. S. Mussey, since graduating from 
the University of Michigan in 1932 with a 
B.S. degree in mechanical and industrial 
engineering, has been associated with the 
development division of the Aluminum 
Co. of America, assisting in the develop- 
ment of aluminum applications in railroad 
and transit equipment. 


@ Arthur Nutt (M ’22) has been 
nominated for president of the Society for 
1940. He is vice-president in charge of 
engineering with the Wright Aeronautical 
Corp., and has twice been SAE vice-presi- 
dent representing the Aircraft-Engine Ac- 
tivity. The design and development of 
several “firsts” in the aircraft-engine indus- 
try have been under Mr. Nutt’s direction. 
Among them are the Curtiss 12-cyl chemi- 
cally-cooled Conquerer, first engine with 
this type of cooling to be designed and 
produced in quantity, and the Curtiss 
R-1454 9-cyl radial air-cooled engine, first 
of this type with a built-in supercharger 
and fully automatic lubricated valve gear. 
Also designed and developed under his 
direction were the Curtiss Chieftain, hexa- 
gon-type air-cooled 600-hp 12-cvl engine; 
the Curtiss Crusader, 6-in-line air-cooled 
120-hp engine; and the Curtiss Challenger, 
2-row 6-cyl air-cooled training engine. Mr. 
Nutt likewise assisted in the development 
of the Curtiss OX-5, OXX-6, V-2, K-12, 
and C-12 model engines. At the Wright 
Aeronautical Corp. many experimental en- 
gine models have been engineered under 
his supervision, including models of the 
Whirlwind and Cyclone engines up to 
1500 hp. He started his career as test 
engineer at Curtiss Aeroplane & Motor 
Co. immediately after receiving his B.S. 


degree from the Worcester Polytechnic 
Institute in 1916. Four years later Mr. 
Nutt was made chief engineer, and he 


took his present position when Curtiss and 
Wright merged in 1930. 


@ Back in 1920, after three years as lay- 
out draftsman with Continental Motors, 
Albert B. Willi decided that he needed 
more knowledge of machine shop and 
foundry practice and entered the employ 
of the Royersford Foundry & Machine Co. 
for special training along these lines. He 
returned to Continental Motors in 1922 
and progressed through various phases oj 
engineering work pertaining mainly to the 
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Carl Behn 


Carl Behn, vice-president of the United Amer- 
ican Bosch Corp., Springfield, Mass., and a 
former vice-president of the Society, died last 
month following a heart attack. He had been 
a member of the 
SAE since 1926, 
and was a promi- 
nent member of the 
Diesel-Engine Activ 
ity Committee, 
serving as vice- 
president of the 
Society representing 
that group in 1938. 

Mr. Behn was 
born in Denver, 
Colo., in 1895, and 
attended the Colo- 
rado School of 
Mines. Early posi 
tions with car-dealer 
establishments stim- 
ulated his interest in 
the automotive industry, and after serving in 
the Army, both in this country and abroad 
during the World War, he became owner of 
the Battery Specialty Co., in Chicago. After 
operating that company for three years he 
joined the Robert Bosch Magneto Co., and con- 
tinued with that organization after it became 
known as the United American Bosch Corp., 
specializing in the application of fuel-injection 
equipment and the development of the diesel 
engine. 

He left United American Bosch in 1936 to 
become sales manager of the Philadelphia plant 
of the Superior Engine Division of the National 
Supply Co., and later was also appointed as 
sistant to the vice-president. Mr. Behn returned 
to United American Bosch in 1938, at that time 
taking the position he held until his death 


Adolph Nagel 


Dr. Ing. Adolph Nagel, professor, Technischen 
Hochschule of Dresden, Germany, considered by 
many as one of the leading mechanical engi 
neers and diesel-engine authorities of that coun- 
try, died on Sept. 18. He was 63 years of age 
and had been a member of the Technischen 
Hochschule faculty since 1908, a year following 
his graduation from same institution. He be- 
came a foreign member of the SAE in 1927. 
Dr. Nagel had traveled extensively in the United 
States and had a number of friends in this 
country. 


Carl Behn 





design and test of internal-combustion en- 
gines, becoming assistant chief engineer 
and executive engineer. He became asso- 
ciated with the Federal-Mogul Corp. in 
1934, and shortly afterwards was appointed 
chief engineer. In this capacity much of 
his time is devoted to directing research 
work having for its purpose the improve- 
ment of bearing design and the better use 
of bearing materials. A number of papers 
and articles on the subject of bearings 
have been written by him. 


@ A. H. Woollen for more than 25 
years has been closely associated with the 
design, construction, and operation of ruail- 
way cars and buses. He has been railway 
engineer, Stone & Webster properties; 
equipment engineer, Illinois Central Rail- 
road, and for the past 14 years, equipment 
engineer, development division, Aluminum 
Co. of America. Mr. Woollen is a member 
of the American Transit Association, the 
American Railway Engineering Associa- 
tion, and is a registered professional engi- 
neer of the Commonwealth of Pennsyl- 
vania. 





New Members Qualified 





These applicants who have quali- 
fied for admission to the Society 
have been welcomed into member- 
ship between Oct. 15, 1939, and 
Nov. 15, 1939. 

The various grades of member- 
ship are indicated by: (M) Mem- 
ber; (A) Associate Member; (J) 
Junior; (Aff.) Affiliate Member; 
(SM) Service Member; (FM) For- 
eign Member. 





Baltimo-e Section 

Biose, James F. (J) junior mechanical en- 
gineer, U. S. Naval Engineering Experiment 
Station, Annapolis, Md. 


Buffalo Section 

BREELER, WALTER R. (M) assistant to vice- 
president, Allegheney Ludlum Steel Corp., Dun- 
kirk, N. Y. 

Canadian Section 

ALLEN, Keitu C. (A) branch manager, Brit- 
ish American Oil Co., Ltd., 400 McKay St., 
Pembroke, Ontario. 

RossELL, ErNest HAMILTON (A) aero engine 
mechanic, Royal Canadian Air Force, No. 3 Re- 
pair Depot, Vancouver, British Columbia. 
Chicago Section 

BALDWIN, TimoTHy, JR. (M) automotive su- 
perintendent, Kraft Cheese Co., 500 Peshtigo 
Court, Chicago. 

GREENBURG, CHARLES F. (M) secretary, en- 
gineer, Municipal Supply Co., 2508 S. Main 
St., South Bend, Ind. 

Lancpon, Tracy B. (A) vice-president, D. 
A. Stuart Oil Co., Ltd., 2727-53 S. Troy St., 
Chicago. 

Lunpguist, J. M. (M) engineering representa- 
tive, division lubricating engineer, Continental 
Oil Co., 1301 W. Belden Ave., Chicago (mail) 
7308 Greenview Ave. 


Cleveland Section 

Crort, Harry P. (M) chief metallurgist, 
Chase Brass & Copper Co., Inc., Cleveland (mail) 
1155 Babbitt Rd., Euclid, Ohio. 

Kurti, ALEXANDER (A) 559 Lake Ave., Bar 
berton, Ohio. 


Dayton Section 

Fow.er, FRANKLIN Harper, Jr. (J) U. S. 
Army, Air Corps, Materiel Division, Wright 
Field, Dayton. 


Detroit Section 

CusHMAN, Gorpon J. (A) personnel manager, 
General Headquarters Air Force, Selfridge 
Field, Mich. 

Hosrock, Raymonp H. (M) director of re- 
search, Bundy Tubing Co., 10951 Hern Ave., 
Detroit (mail) 807 Washington Rd., Grosse 
Pointe, Mich. 

, Kurue, CHartes H. (J) technical adviser, 
Revere Copper & Brass, Inc., Michigan Div., 
5851 W. Jefferson Ave., Detroit. 

LaszLto, ANDREw (M) Palmetto Hotel, John 
R at Hancock Sts., Detroit. 

Myotsnes, Leonarp O. (J) experimental en- 
gineer, Detroit Diesel Engine Division, Gen- 
eral Motors Corp., 13400 Outer Dr., Detroit 
(mail) 16567 Littlefield. 

SAHLSTRAND, LeiF YNGveE (J) student engi- 
neer, Chrysler Corp., Highland Park, Mich. 
(mail) 111 Highland. 


Indiana Section 

Berese, Don (A) automotive engineer, In 
diana district, field work, Sinclair Refining Co., 
2540 W. Cermak Rd., Chicago (mail) P. O. 
Box 27, Martinsville, Ind. 


Metropolitan Section 

BENNETT, WittiaM K. (A) president, ser- 
vice manager, Brooklyn White Service, 176 
Empire Blvd., Brooklyn, N. Y. 


BERESLAVSKY, EupHIME V. (M) consulting 
engineer, 91 Wall St., New York (mail) 1075 
Park Ave. 

CLEMENTS, B. (M)_ metallurgist, Wright 
Aeronautical Corp., 132 Beckwith Ave., Pater 
son, N. J. 

Cretrer, RicHarp (A) special representative, 
Cummins Diesel Engine Corp., 724 Garrison 
Ave., New York (mail) 1913 Lurting Ave. 

Francis, Harotp EuGENE (J) experimental 
engine tester, Wright Aeronautical Corp., Pat- 
erson, N. J. (mail) 282 B’way. 

FRANKS, JEROME (A) assistant delivery 
superintendent, R. H. Macy & Co., Inc., 34th 
St. & B’way, New York (mail) 1211 Newkirk 
Ave., Brooklyn, N. Y. 

Levanp, Horus LirrLterietp (J) research 
engineer, Standard Oil Development Co., P. O. 
Box 243, Elizabeth, N. J. 

Martin, Emery J. (M) assistant superin- 
tendent of flying, eastern division, United Air 
Lines Transport Corp., 5959 S. Cicero Ave., 
Chicago (mail) 512 Pine St., Roselle, N. J. 

Yamapa, Taryzu (M) representative, Sum- 
itomo Metal Industries, Ltd., 149 B’way, New 
York. 

Milwaukee Section 


Hace, Joun D. (M) development engineer, 
Harnischfeger Corp., 4400 W. National Ave., 
Milwaukee (mail) 730 N. 46th St. 


Northwest Section 


LaNGpon, Howarp H., Pror., (M) head, me- 
chanical engineering department, State College 
of Washington, Pullman, Wash. 
Pioneer Way. 

SHINN, Byron H. (M) president, chief engi- 
neer, Shinn Devices Co., P. O. Box 470, Butler, 
Pa. 


St. Louis Section 


BENNETT, W. J. (J) car foreman, Illinois 
Central Railroad, St. Louis, Mo. (mail) 5641 
Clemens St., Apt. 102. 


(mail) 210 


Southern California Section 


Corr, CuHartes E. (A) owner, manager, 
Chuck’s Auto Service, 5550 Vineland Ave., 
North Hollywood, Calif. (mail) 5652 Crane 
Ave. 

Exuis, Cecit E. (J) supervisor, transporta- 


tion, Southern California Edison Co., 650 S. 
Ave. 21, Los Angeles. 

General Petroleum Corp. of 
108 W. Second St., Los Angeles. Representa 
tives: Apams, P. S., auto instructor; CaARPER 
W. F., division lubrication engineer; CHARLEs, 
Epwin E., automotive instructor, San Fran 
Ev_uison, W. D., manager, commercial 
, WALLACE, 
Weiser, S. K.., 


Calit. (Aff.) 


cisco; 
sales, Los Angeles branch; Linvitvr 
division lubrication engineer; 
automotive instructor. 
KINDELBERGER, 
ident, North 
wood, Calif. 
Weit_t, M. F. (M) field engineer, Ethyl 
Gasoline Corp., 977 W. Sixth St., Los Angeles 


JAMES 
American 


Howarp (M) pres 
Aviation, Inc., Ingle 


Washington Section 

Jounson, Pyke (A) executive vice-president, 
Automobile Manufacturers Association, 830 
Transportation Bldg., Washington. 


Outside of Section Territory 


Liverz, ALpHONsE I. (M) chief consulting 
engineer, chief of research, American Locomo 
tive Co., 30 Church St., New York (mail) 66 
Willett St., Albany, N. Y. 

New, Leo (A) superintendent, transportation, 
United Gas Pipe Line Co., 600 Capitol Ave., 
Houston, Tex. (mail) 1111 Dallas Ave. 


Foreign 


ALLEN, ARTHUR FREDERICK (J) 
Rolls-Royce, Ltd., Derby, England 
Argyll Rd., Ripley. 

Bastow, DonaLp (FM) designer, car project 
office, Rolls-Royce, Ltd., Derby, England (mail) 


draftsman, 
{mail) 1 


“Shirley”’ Blagreaves Lane, Littleover. 
Murpuy, Epwarp WILLIAM (J) engineer, 
Transportes Aereos Centro-Americanos, Tegu 


cigalpa, Honduras, Central America. 


Applications Received 





The applications for membership 
received between Oct. 15, 1939, 
and Nov. 15, 1939, are listed here- 
with. The members of the Society 
are urged to send any pertinent in- 
formation with regard to those listed 
which the Council should have for 
consideration prior to their elec- 
tion. It is requested that such com- 
munications from members be sent 
promptly. 


Baltimore Section 


Dory, Leonipas, Jr., engineer in charge 
automotive division, Koppers Co., American 
Hammered Piston Ring Division, Baltimore. 


Buffalo Section 


CuisHoLM, Harry L., Jr., engineer, Houde 
Engineering Corp., Buffalo. 


Canadian Section 


FraseR, IAN MACDONALD, aircratt erector, Na- 
tional Steel Car Corp., Ltd., Aircraft Division, 
Malton, Ont., Canada. 

Orv, Lewis C., general manager, Canadian 
Associated Aircraft, Ltd., Montreal, Que., 
Canada. 

Weer, Harry Jonn Epwarp, chief engi- 
neer, Canadian Associated Aircraft Ltd., Mon 
treal, Que., Canada. 
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Chicago Section 


ARENS, CHARLES A., 
trols, Inc., Chicago. 


president, Arens Con 


Cleveland Section 
Huser, Frep W., 
Motor Co., Cleveland. 


service engineer, White 


McGrew M. M., division sales manager, 
L.ubri-Zol Corp., Cleveland. 
Dayton Section 

FREEDMAN, GorDON LINCOLN, president, 


reedman-Burnham 
innati. 


Engineering Corp., Cin 
TERPENNY, Gorpon EL.iort, draftsman, Co 


lumbia Engineering Corp., Columbus, Ohio 


Detroit Section 

Eaton, WiLuiaM F., 
Bearing Co., Detroit. 

Erickson, Burton C., design analysis, Pack- 
ard Motor Car Co., Detroit. 

Harvey, Ropert DarNeELi 
Division, Flint, Mich. 

KELLER, BENN, JR., junior engineering, Pack- 
ard Motor Car Co., Detroit. 

Kreis, WitiiaM &., 
Budd Mfg. Co., Detroit. 

Loomis, RussELt F., engineering secretary, AC 
Spark Plug Division, General Motors 
Flint, Mich. 

MANCHESTER, MITCHELL W., assistant direc 
tor of research, Aviation Division, Ethyl Gas- 
oline Corp., Detroit. 

McCartny, Cares S., vice-president and 


engineer, Bower Roller 


, Chevrolet Motor 


draftsman, Edward G. 


Corp., 
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December, 1939 


assistant general manager, Bingham Stamping 
Co., Toledo, Ohio. 

Orr, Hucu Ben, sales manager, Universal 
Products Co., Dearborn, Mich. 

Powers, Cavin F., test engineer, Chevrolet 
Motor Co., Detroit. 

Swirt, JoHN Freperick, laboratory engineer, 
Chevrolet Motor Co., Detroit. 

Wituiams, A. E., assistant to chief engineer 
in charge of tank trailer division, Fruehauf 
Trailer Co., Detroit. 

WINFIELD, FREDERICK 5S. sales 
Aluminum Industries, Inc., Detroit. 


engineer, 


Indiana Section 


ATKINSON, Ropert P., engineer, Allison En 
gineering Co., Indianapolis, Ind. 

Heatu, R. L., metallurgist, Allison Engi 
neering Co., Indianapolis. 

Herrick, THomas J., instructor, 
University, West Lafayette, Ind. 

Horscrort, RicHarp Georce, laboratory en- 
gineer, Schwitzer-Cummins Co., Indianapolis. 

RemnHARDT, Herpert, student, International 
Harvester Co., Indianapolis. 


Purdue 


Kansas City Section 


Nicuots, B. J., zone manager, Ford Motor 
Co., Kansas City, Mo. 


Metropolitan Section 


BacH, Wittitarp- EAarL, service manager, 
Stevens Buick Corp., Mt. Vernon, New York. 

DurHaM, RicHarp, vice-president and treas 
urer, The Durham Co., Inc., New York. 

FAYERWEATHER, FREDERICK O. Jr., engine 
tester, Wright Aeronautical Corp., 
Pe. 4. 

Gaynor, JOHN STARR, mechanical engineer, 
Mack Mfg. Corp., Plainfield, N. J. 

Hucues, Jonn Ritrrennouse, fleet sales di 
vision, General Motors Truck & Coach Co.., 
New York. 

Neevy, WicviaM’ Roserr, test engineer, 
Wright Aeronautical Corp., Paterson, N. J. 

O_pBauM, Rosert A., inspector, Cutler-Ham 
mer Mfg. Co., New York. 

PerricuEy, Witsur G., chemical engineer, 
Faber Laboratories Inc., New York. 

RussELL, FRANK Forp, president, National 
Aviation Corp., New York. 

WEHRMANN, WILHELM, chief shop instructor, 
Hemphill Schools, Inc., Long Island City, N. Y 


Paterson, 


Milwaukee Section 

ARNOLD, ARTHUR B., assistant chief engineer, 
Modine Mfg. Co., Racine, Wis. 

FLEMING, Barney E., lubrication engineer, 
Cities Service Oil Co., Milwaukee. 

Maxon, GLENWAY, JR., sole owner, Mechan- 
ical Consultant, 953 N. 27th St., Milwaukee. 


Northwest Section 
KuHN, JoHN, template maker, Boeing Air 
plane Co., Seattle, Wash. 


MariLLey, Epwarp P., manager, Marilley 
\uto Parts Co., Seattle, Wash. 


New England Section 

Doran, JAMEs A., treasurer and general 
manager, James C. Doran & Sons, Doran Igm 
tion Corp., Providence, R. I. 

Jones, BLyrHeE R., assistant division manager, 
Ethyl Gasoline Corp., Boston. 

Oxuro, ARNOLD R., automotive instructor, 
Franklin Union Technical Institute, Boston. 


Northern California Section 


Consip1nE, Everett Lioyp, detailing drafts- 
man, Atlas Imperial Diesel Engine Co., Oak- 
land, Calif. 

Mutuin, Henry A., superintendent, Redding 
Shops, U. S. Forest Service, Redding, Calif. 


Philadelphia Section 


Di Liserti, Ernest, M. E., U. S. 
Philadelphia Navy Yard, Philadelphia. 

Hunt, Rosertr E., assistant engineer, Wil- 
kening Mfg. Co., Philadelphia. 


Pittsburgh Section 


GEMMELL, R. W., sales engineer, Westing- 
house Electric & Mfg. Co., East Pittsburgh, Pa. 


Navy, 


APPLICATIONS RECEIVED 


St. Louis Section 


Hest, L. E., engine research director, Shell 
Oil Co., Inc., Wood River, IIl. 


Southern California Section 


Fire, Epwarp, weight engineer, Vultee Air- 
craft, Division Aviation Mfg. Corp., Downey, 
Calif. 

Heprick, Crype Lewis, head of the me- 
chanical arts department, Palm Springs High 
School, Palm Springs, Calif. 

Lovick, JoHN B., foreman, Righter Mfg. Co., 
Glendale, Calit. 

Ricuart, CHarces Henry, weights and bal 
ance, Vultee Aircraft, Downey, Calif. 

ScHRAMM, Cari H., weight engineer, Lock- 
heed Aircraft Corp., Burbank, Calif. 


Southern New England Section 


ARMBRUSTER, GEORGE FREDERICK, exper 
imental test engineer, Pratt & Whitney Aircraft 
Corp., E. Hartford, Conn. 

Jarvis, Harotp T., experimental test engi- 
neer, Pratt & Whitney Aircraft, East Hartford, 
Conn. 


Washington Section 


BaLpwin, Davin M., safety engineer, division 
of motor vehicles, Commonwealth of Virginia, 
Richmond, Va. 


Outside of Section Territory 


Atkinson, M. H., Morrow Auto Service, 
Tulsa, Okla. 

CaMPBELL, Lewis Park, regional equipment 
engineer, U. S. Department of Agriculture, 
Forest Service, Denver, Colo. 

Co.tuins, WHITNEY, junior engineer, Aviation 
Mfg. Corp., Williamsport, Pa. 

Cooper, WiLLIAM K., general manager, Ly- 
coming division, Aviation Mfg. Corp., Williams 
port, Pa. 

KUPFERSCHMID, WiLLIAM F., production en 
gineer, Electric Auto-Lite Co., Moto-Meter Di- 
vision, LaCrosse, Wis. 

MUELLER, LeEsTER A., junior engineer, U. S. 
Engineer Office, Omaha, Nebr. 

RICHARDSON, JAMES F., metal division super- 
visor and tool room foreman, Henrite Products 
Corp., Ironton, Ohio. 

RippELL, Frank Wicson, draftsman, Aviation 
Mfg. Corp., Williamsport, Pa. 

Vaucun, C. V., shop superintendent, Wood 
County Highway Commission, Wood County 
Highway Garage, Wisconsin Rapids, Wis. 


Foreign 


BouM, JoHN R. F,, United Motor Products 
Co., Division General Motors N. Z., Ltd., Well 
ington, N. Z. 

Cometti, Francis RayMonp, United Motor 
Products, Division General Motors N. Z., Ltd., 
Wellington, N. Z. 





SAE Comng EVENT 


Jan. 15-19 


Annual Meeting and Engineering Display 


Book-Cadillae Hotel — Detroit 


June 9-14 


Summer Meeting 


The Greenbrier — White Sulphur Springs, W. Va. 


Baltimore — Dec. 7 


Engineers Club; dinner 6:30 p.m. 


Buffalo — Dec. 12 


Hotel Statler; dinner 6:30 p.m 


Canadian — Dec. 20 
Royal York Hotel, Toronto; dinner 6:30 p.m. 


Chicago — Dec. 5 


Chicago Tower Club, 505 N. Michigan Ave.; 
dinner 6:30 p.m. Semi-closed meeting, limited 
to SAE members and specially invited guests. 
Service—P. D. Harvey, manager, Garage Ser 
vice Co. 


Cleveland — Dec. 14 


Cleveland Club; dinner 6:30 p.m. Analysis 
of the Engineering Design Features of the 1940 
Cars — Joseph Geschelin, Detroit technical editor, 


Chilton Publications. 


Detroit — Dec. 4 


Hotel Statler; dinner 6:30 p.m. Joint meet 
ing with American Foundry’ s Association. 
Relationship Between Hardness Microstructure 
and Wear of Cylinder Bores and Rings—E. K. 
Smith, metallurgist, Electro Metallurgical Co., 
and Paul S. Lane, research engineer, American 
Hammered Piston Ring Division, Koppers Co. 


Indiana — Dec. 14 

Antlers Hotel, Indianapolis; dinner 6:30 p.m. 
Automotive Mechanical Rubber— Walter C. 
Keys, mechanical product engineer, U. S. Rub- 
ber Co. 


Metropolitan — Dec. 14 


Hotel New Yorker, New York City; dinnez 
6:30 p.m. Hypoid Lubrication for Passenger 
Cars and Trucks — W. A. Witham, development 


and research department, Gleason Works, and 


A. L. Clayden, experimental engineer, Sun Oil 
Co. 


Milwaukee — Dec. 15 


Milwaukee Athletic Club; dinner 6:30 p.m. 
Plastics — H. S. Spencer, Durez Plastics & Chem- 
icals, Inc. 


New England — Dec. 8 

Engineers Club, Boston, Mass.; dinner 6:30 
p.m. Diesel Engines -W. J. David-on, general 
sales manager, Diesel Engine Division, General 
Motor Sales Corp., and president, SAE. 


Northern California —- Dec. 12 
San Francisco. Subject — Diesel Engine Trans- 


portation -S. B. Shaw, automotive engineer, 
Pacific Gas & Electric Co. 


Oregon — Dec. 8 


Portland. 
St. Louis —- No Meeting 


Southern California—- Dec. 8 & 15 

Dec. 8. Elks Temple, Los Angeles; dinner 
6:30 p.m. Accurate Calibration Road Tests of 
Automotive Fuels—L. J. Grunder, automotive 
engineer, lubrication department, Richfield Oil 
Corp. Latest Developments in Lubricants 
George L. Neely, research engineer in charge 
of fuels and lubricants, Standard Oil Co. of 
Calif. 

Dec. 15. Deauville Club, Santa Monica; din 
ner 6:30 p.m. Subject — Aircraft Engines. 


Southern New England — Dec. 6 


Bond Hotel, Hartford, Conn.; dinner 6:30 
p.m. Automatic Flight—M. F. Bates, senior 
project engineer, Sperry Gyroscope Co. 


Syracuse - No Meeting 
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News of the Society 
(Continued from page 16) 





keeps the transmission fluid clean and changes it 
as suggested by the manufacturer. 

The transmission is automatic in all forward 
speeds, is combined with a liquid coupling 
which eliminates the conventional clutch and its 
pedal and the car is started from rest and driven 
entirely by the accelerator, he said. Shifts are 
made automatically as the car gains or loses 
speed, according to the throttle opening. 

A control lever on the steering column per- 
mits the motorist to set the transmission for a 
high and low forward, a neutral, and reverse 
position. The low-gear position, he said, is not 
likely to be used except in very hilly country 
where the driver may wish to run fast in second 
or use the engine as a brake. An automatic con- 
trol prevents shifting from high to low above 
40 mph. 

With the throttle nearly closed, the governor 
on the transmission shifts gears at the following 
speeds: first to second, 7 mph; second to third, 
13 mph; third to fourth, 20 mph. However, 
opening the throttle opposes governor action so 
that the shift range is stretched more and more 
until on wide-open throttle shifts are obtained at 
the following speeds: first to second, 15 mph; 
second to third, 30 mph; third to fourth, 65 
mph. Down shifts occur at lower speeds. 

All shift-control valves are of the piston type 
operated by oil pressure, whereas the previous 
device had a number of cams, levers, and rods, 
he pointed out. All gears are of the silent- 
helical type. 

When the accelerator is depressed, the liquid 
coupling takes hold promptly and firmly, but 
smoothly. Unless told, he said, the driver would 
not suspect that the only connection between 
the flywheel and transmission was streams of 
racing liquid. The unit performs equally well 
for novice and expert. 

It is impossible to stall the engine by a care- 
less start, and it is impossible to make a rough 
start. Because of the gentleness of power trans- 
mission, more effective traction can be expected 
on slippery road surfaces. Starting on an up- 
grade is no longer a problem with this device, 
he pointed out. 

Adam K. Stricker, Jr., vice-chairman of the 
section’s passenger car and body activity and in 
charge of the technical meeting, introduced 
H. T. Youngren, chief engineer of Olds Motor 
Works Division, General Motors Corp., and 
E. A. Thompson, credited as being chiefly re- 
sponsible for the development of the transmis- 
sion. They joined the speakers in answering 
questions from the floor during the discussion 
period. 


Military and Commercial 
Lighting Advances Stated 


@ Baltimore 


The “sealed-beam” headlamp and army 
lighting problems were topics of papers which 
attracted more than 100 members and guests to 
the Baltimore Section's first meeting of the 
year, Oct. 5. 

Besides presenting his paper, “Automobile 
Headlamps,” in which he revealed salient facts 
relative to the development of the sealed-beam 
headlamp, the first speaker, Lewis B. Moore, 
General Electric Co., abstracted a paper by Val 
Roper and K. D. Scott, entitled “Silhouette 
Seeing With Motor Car Headlamps.” 

Major Walter C. Thee, Quartermaster Corps, 
United States Army, stationed at the Holabird 
Quartermaster Depot, touched on the use of 
automobile headlamps during a “blackout” in 
his paper, “Army Lighting Problems and De- 
velopments.”’ 
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SAE Honors Johnson 
With Life Membership 


@ Detroit 


A man whose teachings are reflected in thre« 
eras, and whose fundamental techniques for 
vehicle design have been applied successively in 
carriage building, automobile manufacture and 
airplane fabrication, was honored Nov. 6 at 
Detroit when the Society of Automotive Engi- 
neers presented him with ah honorary life mem 
bership. The presentation made at the 
Detroit Section meeting. 

The recipient of the honor is Andrew F. 
Johnson, 85 years old, mentor of almost all the 
leading auto body designers in the United 
States, including three of the Fisher brothers 
(Fred, Alfred and Edward); Otto Graebner, 
Murray Corp.; Everett Lundberg, Briggs Mfg. 
Co.; Carl B. Parsons, Parsons Co.; John Vo 
typka, Fruehauf Trailer Co., and I. Louis Car 
ron, Chrysler Corp., SAE vice-president repre- 
senting the Passenger Car Body Engineering 
Activity. 


was 


The presentation of the honorary life mem 
bership was made by SAE President William J. 
Davidson after Mr. Carron had read the official 


citation. The speakers’ table for the affair in- 
cluded Mr. Votypka, who was chairman; 
Messrs. Davidson and Graebner; John A. C 


Warner, SAE general manager; Henry Crecelius, 
Lincoln Motor Car Co.; Harold Wade, Packard; 
George Delaney, Pontiac, chairman of Detroit 
Section; Edward Fisher, and L. C. Hill, Murray 
Corp. 

The program included reminiscences by Mr. 
Hill and a paper by Carl entitled 
“What's It All About?”’ 

Mr. Parsons traced the history of auto body 
design from the carriage building days to the 
present. He brought to the Section a compre- 
hensive summary of the development of the 
automobile body industry from the early wood 
bodies, to the aluminum and composite bodies, 
and to the all-steel body as it is built today. 

Briefly, but comprehensively, he discussed 
such new contributions as air-foam rubber, heat- 
absorbing plate glass, tempered glass, air-condi- 
tioning, insulation and plastics 


Parsons 


An evaluation of testing machines and testing 
methods used in the study of brake linings was 
presented to the Detroit Section at its Oct. 23 
meeting by T. R. Stenberg, chief engineer of 
Marshall-Eclipse Division of Bendix Aviation 
Corp. The paper was a joint effort by himself 
and C. N. Menz, instructor in mechanical engi- 
neering, Rensselaer Polytechnic Institute 


Andrew F. Johnson 
teacher of automobile body design, is re- 
ceiving a certificate of life membership 
from SAE President William J. Davidson 
(left), at the Nov. 6 meeting of the De- 
troit Section. Edward F. Fisher (right), 
one of the five Fisher brothers, was one 


(center), pioneer 


of his pupils. Mr. Johnson has been ao 
member of the Society since 1922. 
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“The cross-fire of the laboratory and test-car 
schools of thought on brake-lining testing” fur 
nished the background for the discussion which 
Mr. Stenberg gave. He attempted to provide 
three common indicators which would serve as 
a common ground for comparison to show that 
there is a reasonable possibility of getting cer 
tain laboratory results to agree with road test 
results within a very small percentage of error 

Mr. Stenberg described the uses and results 
obtained from the Prony brake or Carson ma 
chine and described the General Motors-Chase 
friction testing machine which control 
over the three fundamental conditions of speed, 
pressure and temperature. He also described the 
Bendix-Cowdrey 
and 


Lives 


machine, inertia dynamometet 

methods, and explained in 
some detail the data that could be obtained by 
each method 


road testing 


‘ ~ . 
Changes of Section 
Officers Announced 

Changes in business connections, transfers 
from Section territories, and press of other work 
have been responsible for changes of officers for 
1939-1940 of several SAE Sections since the list 
was published in the August issue of the SAF 
Journal. 

In Chicago, RaymMonp E. Dowp, manager, 
equipment division, and aeronautical engineer, 
Russell Mfg. Co., replaces J. Howarp Pixe, edi 
torial director, Chek-Chart Corp., as vice-chair 
man, parts and accessories. Mr. Pit 
secretary in place of W. H. Husner 
R. Tuomas, chief engineer, Bantam Bearings 
Corp., replaces Joun W. Wuire as vice-chair 
man, passenger cars, and THeopore M. Rosie, 
diesel sales division, Fairbanks, Morse & Co., 
replaces W. A. ParrisH as vice-chairman, tractor 
and industrial equipment, 
engines. 


becomes 
STANLEY 


power and = diese! 


In Detroit, JosEpH GESCHELIN, Detroit techm 
cal editor, Chilton Co., replaces Wittiam J 
O’Net as vice-chairman, production. 

J. R. Kesster, Jr., manager, Oregon Parts 
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Co., replaces RowLanp Rose as secretary of the 
Oregon Section. 

In St. Louis, A. L. Heinrze, staff engineer, 
research, development, and applications, Sinclair 
Refining Co., is vice-chairman, replacing RoBERT 
G. Hatt. 

GeorGE REYNOLDs, district manager, Marmon- 
Herrington Co., Inc., has been named 
chairman of the Washington Section. 


vice- 


Sees Neutrals No Short 
Cut for Warring Nations 


@ Indiana 


That any belligerent nation could take a time- 
saving short cut through either Holland or Bel- 
gium is just about unthinkable, Col. A. W. S. 
Herrington told members of the Indiana Section 
on Oct. 19. Flooding of the low lands by re- 
leasing water held by dykes would slow mech- 
anized progress, he declared; also noting that 
the armies of these two countries are well 
equipped. Belgium, he said, has an army of 
1,000,000 men as well supplied with equipment, 
including mechanized units, as any other body 
of equal size. In 1914, he Said, the Belgian 
army numbered 100,000. 

Col. Herrington, who is president of the 
Marmon-Herrington Co., Inc., had but recently 
returned from a trip through Europe after mak- 
ing a four-day dash from Warsaw to London, 
getting past borders just before their closing, 
and catching a crowded liner which was two 
days out when hostilities broke out. 

Lack of late summer rains, extending the dry 
season weeks past the time when the roads 
normally are deep in mud, was an important 
aid to the Germans in their subjugation of 
Poland, he said. Mechanized equipment was 
not confined to the roads, but could cut across 
sun-baked fields in open formation, Col. Her 
rington declared. He wondered how many of 
them were wrecked, worn out, finished, as he 
personally had seen similar equipment broken 
down in the German march to Vienna. Col. 
Herrington also stated that many military ex- 
perts claim that the greater part of the German 
mechanized equipment will remain just where 
it stopped in Poland. 

To give some idea of the rate at which the 
German forces moved in Poland, the speaker 
stated that an invading army landing on our 
east coast, proceeding at the same rate as the 
German army in Poland, would reach the 
Pacific coast in about two years. 

Heavy low-lying clouds, fog, and rain, said 
Col. Herrington in discussing the balloon bar- 
rage over London, make this type of air defense 
possible. In the clear skies which predominate 
over New York, he added, such a plan would be 
laughable. No enemy pilot, he declared, would 
want to risk that barrage over London in murky 
weather. There is no fixed pattern for the 
balloons, and they are constantly changing alti- 
tude in such a way ‘that it would be impossible 
to chart them, Col. Herrington said. 

The second speaker, Karl D. Wood, professor 
of aeronautical engineering, Purdue University, 
told about the Civil Aeronautic Authority stu 
dent pilot training course at Purdue. He re- 


ported that last semester some 50. students 
completed the course and were furnished with 
primary flying licenses. The work was all 


extra-curriculum, he said, and necessitated con 
siderable extra time for both ground training 
and an average of 37 hr in the air per student. 
The students even attended classes after dinner 
in the evening. This year, he said, the course 
will take two semesters instead of one. 

Flight training under the CAA at Purdue 
is handled by Capt. Lawrence I. Aretz, who 
leases and operates the University airport. There 
have been no accidents, no forced landings, and 
no bailing outs, emphasized Capt. Aretz in 
stating the splendid flight-training record of 
the course. 
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Cars Not Yet Perfect, 
M.I.T. Tests Indicate 


@ New England 


Crediting the ‘“Sealed-Beam” headlamp as 
the outstanding accessory of 1940, and the Olds- 
mobile “Hydra-Matic’’ drive as the mechanical 
feature of the year, Prof. Dean A. Fales paid 
tribute to automotive engineers for the many 
improvements and refinements they have made 
in the new cars. He particularly commended 
the orderly development in the mechanical 
changes and the stress put on comfort and 
safety rather than speed. 

Then, without giving the engineers a chance 
to rest on their laurels, Prof. Fales, who heads 
automotive engineering at Massachusetts Insti- 
tute of Technology, reported some results of 
last year’s road tests conducted at M.I.T. They 
revealed, he said, that piston varnishing and 
valve sticking were far too prevalent; and that 
frames were too flexible in some cases, affecting 
body rigidity and interfering with proper han- 
dling of the vehicle. He also noted that water 
entering the gasoline tanks through vent holes 
was serious until changes were made. 

“The severe snowstorm of last March showed 
that the newer cars have not the roadability of 
the older cars under severe conditions,” Prof. 
Fales stated. “In deep slush,” he said, “the 
newer cars did not have enough weight in the 
rear for proper traction. When we balanced 
the rear ends to get traction, the slow steering 
made it impossible to guide cars through deep 
slush except at slow speeds. While we were 
carrying on our tests and observing the action 
of the newer cars the ten-year-olds were going 
about their business with little difficulty. 

“Ice forming under the mud guards in many 
interfered with steering, and in some 
cases the tremendous ice loads bent or loosened 
the mud guards. When headlights were mounted 
in the mud guards this interfered with proper 
headlight adjustment. The sloping rear win- 
dows became covered with snow very quickly 
and the use of outside-mounted rear-view miur- 
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rors Was imperative in the interest of safety 
One result of the severe road conditions was th« 
increased number of wheel bearing failures,” he 
reported. 

“The newer cars are built for modern road 
conditions,” Prof. Fales continued, noting that 
“when nature gets ahead of the snowplows the 
recent models are at a disadvantage. As the 
main roads are usually put in good shape within 
a few days after a big storm the inconvenience 
to the average motorist is not great. The R.F.D. 
carriers, the country doctors and nurses, the 
police, and others who must get around regard 
less of conditions would appreciate old-time 
weight distribution, greater road clearance, and 
faster steering, along with smoothness and 
style.” 


SAE Student Branch members from M.1L.T. 
attended as a group to hear Prof. Fales’ analysis 
of the new cars. New England Section Chai 
man Matthew A. Taylor introduced the speaker 


Tests for Rubber 
Being Standardized 


Development of test specifications and plans 
for eventual dimensional standards which will 
be applicable to practically all of the 300-odd 
rubber parts, other than tires, which go into the 
modern passenger car, are progressing rapidly 
in sub-committees of the SAE-ASTM Technical 
Committee on Automotive Rubber Products 
which are made up of engineers representing 
automobile manufacturers, rubber companies, 
and Governmental agencies. 

The laboratories of participating companies 
are carrying on independent but correlated tests 
comparing methods for compression modulus 
testing. Development of tear and puncture tests, 
aging tests, and impact tests are the objects of 
other work under the direction of the sub- 
committees. Test specifications for hydraulic 
brake hose are being drafted and dimension 
specifications for this type of hose are scheduled 
for early consideration. 

Establishment of an SAE standard classifica- 
tion for rubber to guide the car engineers in 
selecting a suitable grade of rubber for any 
rubber part of a car, and tests to determine 
these grades is one of the eventual aims of the 
joint committee. 


Methods of Fabricating 
Ferrous Metals Compared 


@ Indiana 

The Nov. 9 meeting of the Indiana Section 
with its presentation of “Malleables and Steel 
Castings” by Dr. H. A. Schwartz, manager of 
research, National Malleable & Steel Castings 
Co., Cleveland, proved one of the most inter- 
esting metals meetings the Section has held. 
Groups of engineers and industrialists from the 
Indiana branches of the American Society of 
Mechanical Engineers and of the American 
Society for Metals joined the automotive men 
in giving tense attention to the informal paper 
and to the large number of graphs and slides 
which formed its background. 

Dr. Schwartz, in opening, gave a brief out- 
line suggesting the relation between materials 
and fabricating methods which might influence 
the choice between forgings, stamping and cast- 
ings. A cursory examination was then made of 
the variations in melting equipment necessary 
for the production of various types of ferrous 
castings in correlation to the melting point of 
the alloys as determined by carbon content. 

A survey was next given showing the in- 
terrelation of all ferrous castings, from steel to 
cast iron, in terms of total carbon, silicon and 
the form of the graphitic carbon. The latter 
point, which, according to Dr. Schwartz, con- 
stitutes the main difference between malleable 
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castings and gray iron castings, was further il- 
lustrated by micrographs. 

The body of the paper consisted principally 
of a review of the important engineering prop- 
erties of alloys as affected by the amount of 
carbon, and its distribution between combined 
and graphitic carbon, including in the latter case 
the geometric form in which the free carbon 
occurs. A portion of the talk was illustrated 
by diagrams and charts correlating mainly ten- 
sile properties, but also indentation hardness, 
impact resistance, machinability, fatigue strength 
and castability, with combined and graphitic 
carbon contents, and with heat treatments. 


Stout Sees Aircraft Vital 


Aid to Canadian Progress 


@ Canadian 


Unintentional humor coupled with SAE Past- 
President William B. Stout’s “where-do-we-go- 
from-here?” talk made the Canadian Section’s 
Montreal Automobile Salon Dinner, Oct. 30, 
one long to be remembered by those attending. 

Past-President Stout, the guest-of-honor speak- 
er, gave a rapid review of the evolution of 
mechanical transportation, dealing at some 
length with what he describes as the aeronauti- 
cal renaissance which, he states, is now well and 
truly off the ground. The time is at hand, he 
said, when the young idea well nigh universally 
will take to fool-proof puddle-jumping wings 
and our early tomorrows will witness the fast 
comings and goings of aerial leviathans of 225 
tons or more. He referred to the fact that the 
first successful flying boat was built and flown 
in Canada. The development of the Dominion’s 
great hinterland is being speeded by air trans- 
port, which will yet accelerate that development 
much more. Possibly no other country in the 
world, Mr. Stout declared, will benefit as much 
from the now assured progress in air transporta- 
tion as Canada. 

His Worship Camillien Houde, the French- 
Canadian Mayor of Montreal, inadvertently 
evoked the most hilarious sequence of gales of 
laughter that have marked any of the many 
functions held in conjunction with the show 
and salon circuit in Canada. As SAE Councilor 
Bill McGraw, Chief Engineer of Chrysler of 
Canada, arranged that Mayor Houde extend a 
cordial civic welcome to the Canadian Section 
at the banquet, it should be made clear and 
definite that he was not the ghost writer of His 
Worship’s amazing and abundantly amusing 
disjointed discourse. 

Mayor Houde on arrival at the Mount Royal, 
which housed the Chrysler Salon, attended the 
press reception of John D. Mansfield, president 
of Chrysler of Canada, prior to coming to the 
Section’s banquet. In these circumstances — 
Houde looks not on the wine when it’s red —it 
is perhaps not surprising that he assumed that 
the dinner was a Chrysler function. On his 
introduction he, due to his misconception, 
launched into a fulsome eulogy of Chrysler 
personnel and products. 

A crescendo of laughter gave him pause. 
Hastily glancing about to ascertain its cause, he 
observed several General Motors officials with 
whom he had been associated in opening the 
General Motors Salon two nights before. He 
deduced from this and the laughter that the 
dinner was a General Motors one and launched 
into a panegyric on G.M. The resulting laughter 
“made the welkin ring.” Again the flow of 
oratory stopped precipitately and again His 
Worship disconcertedly glanced  inquiringly 
about. In the brief hiatus that ensued, a mem- 
ber shouted in French, “Camillien, you'd better 
get out of this in French.” “No,” he replied 
emphatically, “I got into it in English and I'll 
get out of it in English.” 

After a brief attempt to explain the cause of 
his confusion, that was not maladroit, he pro- 
ceeded to describe some personal experiences in 
flying. It is doubtful if any of the engineers 
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Left to right at the Canadian Section's Oct. 30 speaker's table: Neil Petersen, past- 
chairman of the Section; Lewis C. Ord, William B. Stout, speaker, and Marcus L. 
Brown, Jr., Canadian Section chairman 


present had ever observed comparable contor- 
tions by a public man on a public platform. To 
scurry far out on one limb and back again, only 
to scurry sull further out on another and then 
back again as Mayor Houde did, came nearer to 
“rolling ‘em in the aisles” than anything else 
that has occurred at any Canadian Section 
meeting. It was one of those things, unfortu- 
nately, that loses all but a scintilla of its savor 
in the telling. 


Marcus L. Brown, ]r., chairman of the Sec- 
tion, turned over the gavel, a‘ter the business 
session, to Col, F. W. Miller, general manager 
of Collins & Aikman of Canada, who is Section 
vice-chairman for the Province of Quebec. 


New SAE Group Hears 


Horine on Future Trucks 


Richmond, Va., was host to its first SAE 
meeting on Oct. 27 when some 110 members 
and guests of the Society’s recently organized 
Virginia-Carolina Group gathered to hear Mer- 
rill C. Horine, sales promotion manager, Mack 
Mfg. Corp., answer questions on “How Motor 
Trucks May Develop.” D. C. Fenner, motor 
truck committee, Automobile Manufacturers 
Association and Mack Mfg. Corp., who  par- 
ticipated in developing the paper and was to 
have put the questions to Mr. Horine, could 
not be present. His place was taken by the 
Group’s Chairman Jean Y. Ray, supervisor of 


automotive equipment, Virginia Electric & 
Power Co. 
Three main influences, entirely outside of 


engineering, will play an important part in 
motor truck development during the next 10 
years, Mr. Horine declared, naming them as 
legislation, economics, and world _ politics. 
However, he contended, given peace and a con- 
tinuation of reasonable democratic freedom of 
enterprise, limitations imposed by these in- 
fluences will not hinder development of trucks 
which will be more economical, more reliable, 
safer, better in performance, and easier to oper 
ate and maintain. 

No one specific thing, Mr. Horine feels, will 
bring these things about, but each betterment 
will contribute its share to the realization of 
all of these desirable results. He declared that 
with better stabilized and uniform legislation 
will come a much-needed stabilization of sizes 
and a greater standardization of designs. This, 
he continued, will permit better coordination 
of components, so that general efficiency of 
operation, economy of production, and proper 
utilization of weight will result. 

“Accelerated, perhaps by minimum perform- 
ance legislation which is now threatening, but 
certain to come in any case,” Mr. Horine stated, 


“will be a general increase in power-to-weight 
ratio, thus not only improving the accelerative 
and hill-climbing* ability of the vehicle, but also 
adding to the economy, dependability, and long 
life of the engine by avoidance of over-strain 

“Equally important will come better util 
ization of power through improved transmis 
sions. The future will see a better arrangement 
and organization of ratios, closer steps, and 
quicker and easier shifting.” 

When asked about use of the synchro-mesh 
shift, widely used on passenger cars, and the 
fluid flywheel, Mr. Horine replied, “The prob 
lem is much simpler in passenger cars. If we 
could build truck transmissions as much large1 
as the loads they transmit are greater, the job 
would be easy; but that would involve trans 
missions which might conceivably be larger 
and heavier than the engines. But I don't 
say that it will not come. In fact, the be 
ginnings are already here. As for the fluid 
flywheel, we must remember that this device 
is nothing more than a coupling —a_ substitut 
for the friction clutch. It won’t help us in 
getting more ratios. It will not necessarily help 
us even in shifting. There are some important 
deve!opments in friction clutches coming along, 
too.” 

Answering, “How about diesels, Mr, 
Horine?” the speaker stated that in his opinion 
the compression-ignition, solid-injection engine 
is a permanent part of the truck picture. While 
more economical of fuel than the spark-igni 
tion engine, it will always be more costly to 
build, he said, and will only replace the gas 
oline engine in those operations where fuel cost 
assumes a major place in the operating budget 

He sees improved economy in carbureted 
engines and the possibility that the costs of 
gasoline and diesel fuel may come closer to 
gether, but, he believes “just as surely as_ the 
gasoline engine is improved, so also will the 
diesel engine be 
fected.” 

Credit was given to the SAF for standard 
izing the so-called CA dimension — the distance 
from back of cab to center of rear axle — and 
frame widths. More attention is expected to 
the standardization o: bodies, and the general 
use of SAE standards is going to make such 
standard bodies adaptable to chassis generally 
without alteration, it was declared. 

Among other future developments predicted 
by the authors are: longer-lived tires and closer 
spacing of tire sizes giving a better coverage of 
capacities; better breaking a'ded by h'ehway 
surfaces and/or tire compounds that will give 
greater adhesion; imnroved lighting, probably 
resulting from the development of stauncher 
sealed-beam headlamns for trucks; and, for the 
driver, better ventilation, insulation 


similarly refined and_ per 


against 


noise, heat and fumes, and increased ease of 
entry and exit 
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Tells How Coated Rings 
Help Condition Engine 


@ Pittsburgh 


Pittsburgh Section members on Oct. 17 heard 
Max M. Roensch, experimental engineer, Chrys- 
ler Corp., state emphatically that the most 
critical time in the life of an engine is during 
its break-in period. Regardless of the accuracy 
and finish of the cylinder bore and the fit of 
the piston rings in the bore, he reminded his 
listeners, these parts must be run in before a 
surface is generated on either part that will 
carry the loads of high-speed operation without 
failure. 

If a new engine is carefully run in, so that 
the initial distortion, resulting from the relief 
of strains, and the thermal and mechanical dis- 
tortion can be ironed out or slowly machined 
off, he pointed out, then scuffing will not occur 
to any serious extent. However, he added, not 
all engines are carefully run in, and many com- 
plaints of poor oil economy may be traced to 
scuffing. 

Coated piston rings, designed to condition the 
cylinder wall, are being offered by three manu- 
facturers, each using his own idea of coating, he 
reported. Tin coating, iron-manganese-phos 
phate coating, and iron-oxide coating are being 
used, he said, ranging in thickness from 0.0002 
fo 0,0003 IN. 

He described the oxide coating as being “hard 
and brittle’and of a mildly abrasive nature, so 
that as the ring hits the high spots in the bore 
the ring itself can polish off the excess cast iron 
and the material that is scuffed off the ring can 
aid in further finishing the surfaces. The softer 
outer layer permits rapid seating which prevents 
blowby gases passing the face of the ring, and 
the harder layer slows down the wear to a 
greatly reduced rate. This is in addition to the 
anti-weld feature that is necessary on all of the 
coatings.” 

The chemical coating, iron manganese, he 
stated, “is softer than the raw iron, which give 
it a quick initial seating, and it is also anti- 
welding. While the coatings are soft, the in- 
dividual crystals are harder than the iron so 
that if they scuff off they may aid in lapping 
the parts.” 

Of the other type he said, “The metallic 
coating is the softest of all and permits rapid 
seating and, as the material is quite plastic, it 
will distribute the load over the face of the 
rings steadily. This will tend to prevent high 
localized pressure which might rupture the oil 
film and cause scuffing. It is also possible that 
the tin itself might be considered a lubricant 
when metal-to-metal contact occurs. The metal- 
lic coating will also retain considerable oil 
which may help under boundary lubrication 
conditions.” 

Mr. Roensch continued his paper by reporting 
results of laboratory and road tests with both 
non-coated and coated piston rings, which 
brought out the advantages of the latter. 

In discussion, answering a question submitted 
by Ralph Baggaley, Jr., McCrady-Rodgers Co., 
Mr. Roensch stated that the use of coated rings 
often increases the brake horsepower by 3%, 
and that this increase stays during the life of 
the rings. 

Answering Murray Fahnestock, Ford Field, 
the speaker said that he prefers to break in 
cars using 5-mile increments every 500 miles. 
We must remember, he said, that breaking-in 
involves the entire car, not only the engine. 

In the course of his paper Mr. Roensch 
showed that at 80 mph the temperature of the 
crankcase oil was reduced from 255 F, with 
regular rear-axle gear ratio, to 205 F by the 
use of an overdrive. C. J. Livingstone, Mellon 
Institute, remarked that this would triple the 
life expectancy of the oil 
terioration occurred. 


before equal de- 


The sensitivity of high-compression engines 
to carbon deposits was pointed out by Richard 
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Welker, Gulf Oil, who stated that after the 
carbon has been formed, even the use of higher 
octane fuels would not prevent knocking, be- 
cause the carbon prevents the proper transfer 
of heat to the water jacket, with the result that 
the incoming charge is overheated. 

Discussion also brought out that little is 
gained by increasing the octane rating of fuel 
unless the compression ratio is also raised. It 
was stated that compression ratios of 6.5:1 are 
about as high as can be used to advantage with 
70 octane fuel; 7:1 with 80 octane fuel; and 
that an 8:1 ratio requires go octane fuel. 

A reference to horsepower rating, by A. R. 
Platt, led Mr. Roensch to remark that many 
manufacturers rate their engines according to 
the horsepower necessary to operate them on a 
dynamometer which does not include either fan 
or muffler. 


25 
Pilot Explains System 
Of Instrument Flying 
@ Oregon 


The Swan Island Airport was the meeting 
place of the Oregon Section on Oct. 20 when 
Capt. Jim Going, senior pilot of the Portland- 
Salt Lake run of United Air Lines talked on 
instrument flying as applied to commercial 
aviation, and as used by his company. He 
described the system developed by United a 
year ago, and emphasized that it is known as 
“instrument flying” and not “blind flying.” 

Thirty-seven were at the meeting, and fol- 
lowing his talk Capt. Going, assisted by Mr. 
Mistelhorn, conducted the group through a 
Douglas Mainliner. 


RELIABILITY 





Spicer reliability is a tradition of 
30 years standing —meticulously 


planned, relentlessly guarded, 


carefully developed. 


In the early days of the automo- 
bile era, Spicer established its 
facilities and charted its course 
toward unquestionable product 
reliability. A broad and intensive 
research and engineering pro- 
gram has conducted an unceasing 
search for new and more effi- 
cient principles of power transmis- 
sion design, for still newer and 
finer methods of metal processing. 
Production plans were set up and 


geared for the highest quality 


of precision manufacture—con- 
stantly improved to keep ahead 
of the demands of the industry. And 
finally, 30 years experience in 
meeting the most rigid field service 
requirements with outstanding 
product performance has helped 
immeasurably in bringing Spicer 
products widespread recognition 
for their reliability. 


That's the true significance of the 
Spicer reliability which is deeply 
rooted in Spicer history and which is 
an ever-present characteristic of 
every Spicer product. It's your most de- 
pendable guarantee of performance 
in the Spicer Equipment you buy. 
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Webber Tells Economy of 
Electric-Furnace Brazing 
@ Milwaukee @ U. of Wisconsin 


Members of the Milwaukee Section took a 
trip to Madison on Oct. 27 to have a joint meet- 
ing with the SAE Student Branch at the Uni- 
versity of Wisconsin. 

Possible small assembly improvements by use 
of electric-furnace brazing were revealed by 
H. M. Webber, of the General Electric Co., who 
spoke before the meeting, following a dinner at 
the Student Union Building. 

The value of this process, said Mr. Webber, 
is that it produces better joints at lower cost, 
as scores of units can be brazed in one opera- 
tion according to the size of the furnace. With 
slides to demonstrate the superierity of furnace- 
brazed parts, Mr. Webber pointed out that, in 
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many instances, stampings and brazed assem- 
blies are replacing forgings and castings. 

In explaining the process, Mr. Webber noted 
that it is necessary for the brazing metal to 
“wet” the two surfaces of the joint, in order 
that furnace brazing may be used effectively. 
Various brazing metals must “be used accord- 
ing to the purpose of the part and the metal 
in the part. In some instances, he said, this 
process will prove more costly than older meth 
ods which are in use, the difference being 
largely due too the expensive brazing metals 
sometimes necessary. 

Various types of furnaces are used in this 
method of brazing, the unit to be brazed being 
held in a definite position to allow the flowing 
metal to be drawn into the joint by capillary 
action, Mr. Webber explained. The tempera- 
ture of the furnace is kept at a minimum 
according to the melting temperature of the 
brazing metal. This metal is usually placed in 
ring-form to cover the outside end of the joint, 
while at other times the ring of brazing metal 
may be placed in a special groove in the joint 
proper. By keeping the temperature at a min 
imum, warping of rods and parts which are 
more easily injured by heat, is held at a min 
imum, he explained. 

Important points from the manutacturing 
viewpoint, Mr. Webber said, are the elimination 
of cleaning after brazing, cost reduction, and 
the very low percent of rejects. 

Combining of one or more stampings with 
screw-machine parts to replace castings or forg 
ings at considerable weight reduction appeal to 
the engineer, he declared. 

The relative strength of the joint depends 
largely upon the type ef fit, the strength in 
creasing with the tightness. Mr. Webber, to 
clearly demonstrate the many uses of furnace 
brazing, brought with him a large display of 
various types of furnace-brazed machine parts. 


Reason UPS Builds 
Own Trucks Revealed 


@ Philadelphia 

The Nov. 8 meeting will live long in the 
memories of SAE Philadelphians who heard 
Ralph M. Werner, of the United Parcel Ser 
vice, tell “Why We Build Our Own Vehicles.” 
Mr. Werner began where the magician-enter- 
tainer of the evening left off and spiced his 
information with plenty of humor. 

United Parcel Service, he said, engages in 
the delivery of packages for retail stores in 
many metropolitan centers and the trucking 
operations involved are characterized by short 
routes and large loads. A special vehicle to 
meet the unique requirements of this service, 
seemed desirable and United Parcel set out to 
build one at a cost comparable to other equip 
ment not as effective for the job, he explained. 

UPS built its first car in 1936. Three years 
of operation of this experimental vehicle proved 
it to be practically trouble-free. However, stat- 
ed Mr. Werner, as it did not run cheaply be- 
cause its construction was too expensive and too 
heavy, another unit was built in 1937. It was 
promptly dubbed the “Rocket Car’ because it 
had steam-cooled engines with roof-top con- 
densers that were slightly rocket shaped. Simi 
lar designs later placed in service do not have 
steam cooling but are still given the same name. 
The present Rocket Cars have substantially the 
same exterior appearance as the conventional 
type of COE package car. Overall length is 
164 ft., wheelbase is 112 in., and overall width 
is 6 ft. Comfort of the driver has been stressed 
in the design. 

The chassis frame is made of steel tubing 
The reason for making the frame of this ma 
terial, Mr. Werner explained, is because it has 
a very high polar section modulus providing 
great torsional resistance which permits the ap- 
plication of outriggers directly in line with the 
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top ot the trame. With this construction th 
car can be built very low. 

Front springs are made 48 in. long. The 
unusually long spring, in addition to substantial 
ly reducing the dynamic loads, permits the us« 
of thicker leaves for the same stress develop 
mentin given deflection which makes the spring 
eye stronger at a point that has been a source 
ot much breakage in truck springs, Mr. Werner: 
said. It was pointed out also that these springs 
require no shock absorbers for easy riding. Use 
of very substantial pressure blocks and spring 
clips add additional service life to the springs 
Rear springs of the car follow the general d 
sign of the front. 

The powerplant is a littke unusual in that th 
oil pan is modified to permit an extremely low 
mounting over the axle; also, that the fan 1 
mounted on the crankshaft. The engine is 
equipped with a heavy-duty 28-amp output 
generator, necessary tor multi-stop work. Radia 
tor, engine, clutch and transmission are built as 
one unit and can be tested individually on a 
test stand betore being installed in the chassis 

The transmission is of the clash-gear type 
Mr. Werner reported. The drive line, he said, 1s 
equipped with Spicer 


needle-bearing type ot 
joint and 3! 


-in. outside diameter tube. It is 
balanced to be safe against whip at a rotative 
speed equivalent to 75 mph. Inasmuch as it j 
only a one-piece driveshaft, it does not offer th« 
maintenance problems of a three-joint assemb! 
An unusual feature in the drive-line assemb! 
is that the rear-axle pinion is pointed downward 
several degrees. This is accomplished, he ex 
plained, by installing wedges between the axk 
pads and springs. The arrangement brings th 
drive line somewhat below the center line 
the axle similar to a hypoid gear. 

The speaker was introduced to his audicnc 
by J. S. Meiklejohn, vice-president and genera 
manager of the United Parcel Service of Pa., 
Inc., chairman of the meeting. Mr. Meiklejohn 
sketched briefly the history of UPS from its orig 
inal organization in 1907 in Seattle, Wash. Two 
young men with an idea of making consolidat 
ed deliveries started and de veloped the business, 
first using trolley cars, then bicycles, horsedrawn 
vehicles and automobiles, to the point where 
it now covers the entire West Coast and al 
principal cities of the United States. 

One discusser asked if UPS required driver 
to shut down engines when making stops. Mr 
Werner explained that drivers are instructed t 
do this. However, the company makes no at 
tempt to enforce these instructions because possi 
ble fuel savings seem to be overshadowed b 
such disadvantages as dilution, battery failures. 
etc. The company does, however, offer annua! 
ly several thousand dollars in prizes to driver 
for fuel savings. Recently one driver was di 
qualified in such a contest when he returned 
with more gasoline than he had at the start 
of the day’s run, Mr. Werner stated. 

Among those who took part in the discussion 
were J. P. Stewart, P. M. Heldt, W. D. Bixby, 
W. F. Whiteman, and C. M. Billings 


1940 Car Developments 
Analyzed by Bissell 


@ So. New England 

It would take something like 2'2 hr to tell! 
about all of the unusual number of things that 
have been done to improve the new passenger 
cars, T. A. Bissell, technical editor of the SAF 
Journal, told 150 members and guests of the 
So. New England Section at its Nov. 1 meet 
ing. He continued by describing and com 
menting on some of the most interesting changes 
and referring his listeners to the November SAI 
Journal for his complete analysis of “ 
Design of 1940 Cars,” 


Trends in 
which begins on p: 


age 


457 of the Transactions Section. 

A sound motion picture of the Oldsmobil 
Hydra-Matic transmission was shown, and at 
interesting group of slides further enlivened th 
summary of new developments 
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Harshness in the Automobile 


By H. A. Hicks and G. H. Parker 


Chrysler Corp. 


ARSHNESS in the ride of an automobile is 

felt as a disagreeable tremor or shock, sud- 
den in nature as distinguished from the opposite 
sensation which could be described as slow, soft, 
and mellow, the authors state. They add that it 
is in the nature of a tremor having a frequency in 
the higher shake range and approaching the 
threshold of audibility. 


This paper is limited to analysis of the harsh 
vibrations which emanate from tire contact with 
the road, excluding the effects of the tires them- 
selves. 


The authors describe methods of measuring 
harshness both in the laboratory and on the road, 
discuss car harshness in its relation to rigidity, and 
touch upon its relation to suspension. 


It is pointed out that there has been a decided 
trend toward more rigid construction and that, in 
general, harshness has increased as rigidity has 
been obtained. It is also noted that fore-and-aft 
shocks are more pronounced with independent sus- 
pension than when leaf springs are used. 


Two methods of reducing harshness are ex- 
plained, although the authors state that there are 
probably many ways of solving the problem. 


ROM the standpoint of comfortable transportation, the 
ideal car should rapidly traverse an ordinary road in 
such a manner that the only indication of motion would 
be sight of the passing landscape. Under such conditions, no 
shakes or jolts would be felt, no car noises heard, no offensive 
odors smelled. Human faculties would be unhindered and 
would remain unimpaired for the complete enjoyment of a 
journey. We probably shall never realize a complete attain- 
ment of this ideal, but progress in its direction has been 
steady. There is no reason why it should not continue. 
There are many kinds of car harshness which affect human 
sensibilities. Harsh noises assail the ears. Wheel fight and 
wheel shake feel harsh to the driver. Body jitters and shud 
ders are unpleasant to all of the car occupants. Harsh vibra- 
tions which affect our sense of feeling may emanate from the 


This paper was presented at the Semi-Annual Meeting of the Society, 
White Sulphur Springs, West Va., June 14, 1938.] 
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powerplant and the tire contact with the road. However, this 
discussion will be limited to harshness trom the tire road 
contact, excluding, of course, the effects ot the tires themselves. 

Vibration is the general name tor both shake and _ noise. 
When the frequency of the vibration is below, approximately, 
30 per sec., it is manifested as shake. When it is above this 
figure, it is heard as a noise. Harshness is felt as a disagree 
able tremor or shock, sudden in nature as distinguished trom 
the opposite sensation which could be described as slow, soft, 
and mellow. Harshness is in the nature of a tremor having 
a frequency in the higher shake range and approaching the 
threshold of audibility. 

On smooth pavement, harshness from the road does not 
exist as there is no exciting force to cause the vibration. It 
produces its most noticeable and disagreeable effect when a 
car is driven on rough roads. Certain speeds, and not neces 
sarily high speeds, produce the worst condition for any pat 
ticular car. 

To some the term “harshness” may appear as an intangible, 
abstract characteristic having no commercial application. This 
condition may be because the harsh automobile does not al 
ways get into production. It often happens that a car is de- 
signed and the structure tested in the laboratory and found 
to be considerably superior to current production. The first 
trip on a rough road, however, may show up a very severe 
condition of harshness. As the wheels of the car encounter 
bumps or pot-holes in the road, sudden shocks or tremors 
occur throughout the entire structure, starting at the suspen 
sion attachment to the frame, passing up through the frame 
and body, up through the roof-rail to be transmitted to the 
reaction points at the opposite end of the car. 

In its effect on the car driver, harshness increases nervous 
tension and hastens fatigue. It often may be responsible for 
driving mistakes and carelessness which result in accidents. 

Let us now consider harshness trom a physical standpoint. 
Human sensibilities cannot detect velocity. If you are moving 
in a straight line, at a uniform rate, regardless of how rapid 
it may be, you cannot feel that motion.° You can, however, 
feel accelerations —- somewhat in proportion to their magni- 
tudes. A single ride on a fast elevator is all that is needed to 
convince one of the truth of both of the foregoing statements. 
The unpleasantness occurs at the starting and the stopping. 
During the constant-speed part of the ride, no unusual sensa- 
tion can be noticed. 

The acceleration of the elevator can be small or slow 
enough so that little discomfort is felt, or it can be so rapid 
that a decidedly unpleasant feeling results. The same is true 
for the automobile. We are not concerned, of course, with 
the accelerations associated with an increase in speed or with 
slowing down, but only with those accelerations induced by 
an irregular road surface or by other vibration sources. Car 
suspensions and car structures have been improved to the 
point where many road shocks do not result in accelerations 
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high enough to be at present annoying. Occasionally, how- 
ever, the reverse is true and some road obstructions result in 
a jolt or series of jolts which are really harsh to the car and 
its occupants. These jolts are harsh because the accelerations 
are high. Harshness can occur with lesser accelerations when 
the frequencies are higher. This point is clearly shown by the 
work of Prof. H. M. Jacklin in his study of “Human Re- 
actions to Vibration.”* His riding-comfort factor depends 
entirely upon the acceleration of the motion and its frequency. 
He has shown, for instance, that an acceleration of 4 ft. per 
sec. per sec. at a frequency of 6 cycles per sec. is fully as dis- 
turbing as an acceleration half as high with a frequency of 11 
cycles per sec. 

To establish a line of demarcation between motions which 
are harsh and those which are not, we will say that motions 
become harsh when they become decidedly disturbing to the 
sensibilities of the car passenger. This differentiation fixes no 
definite numerical values, but it is a satisfactory definition as 
far as the present discussion is concerned. 


Measuring Harshness 


It might be well, at this point, to consider some of the 
methods of measuring or rating car harshness. They are 
usually quite rudimentary. 

In the laboratory, the general subject of vibration has been 
attacked by setting up a body-and-frame assembly and vibrat- 
ing it by means of an eccentric weight driven by a motor. The 
supporting method has been chosen to duplicate actual con- 
ditions as nearly as possible. Such studies lead to valuable 
information. Witnessing the vibration by means of a strobo- 
scope may help to locate weak parts of a construction. But, 
as yet, no tie-up between such investigations and the harsh- 
ness problem has been made. 

On the other hand, wheel fight has been investigated with 
considerable success and saving of time. For this work, the 
car front wheels are run on rolls to which cleats have been 
attached, thus simulating the road obstacle. By measuring 
the travel of the steering-wheel rim with a suitable recording 
device, studies and comparisons can be made easily and 
quickly. 


Instruments for comparing car rides have been given con- 





1 See S.A.E. Transactions, Vol. 39, October, 1936, pp. 401-408: “Human 
Reactions to Vibration,” by H. M. Jacklin. 
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siderable attention, and the S.A.E. has had occasion to in 
vestigate and report on the various accelerometers and ride 
meters on the market. Accelerometers should have consider- 
able application in harshness studies. For ourselves, we can 
say that we have had little or no success with their use for 
this work. This is due to the many complications introduced 
into the curve traced by the instrument because of the com 
plex motion of the car over the roads used for test. 

There is a little instrument which we have used on the 
road and which has furnished some very satisfactory results. 
It is adapted to problems concerned with shake. By any com- 
parison with the elaborate instruments which are termed 
accelerometers, it would be considered crude. The instrument 
is a simple pedometer. For longitudinal and transverse vibra- 
tions, the balancing spring is removed so that the instrument 
consists of a pendulum, freely suspended and geared to a 
recording hand. The pendulum operates between stops. Any 
swing of the pendulum caused by movement of the instru- 
ment advances the pointer around the dial. It should be noted 
that this device is not a counter. It records in proportion to 
the amount of swing by integrating the pendulum motions 
which evaluate the severity of displacements. The gearing is 
such that one revolution of the pointer represents about 1500 
swings of the pendulum between stops, or an increased num- 
ber of movements when the pendulum swings through only a 
part of its full travel. For vertical vibrations, the instrument 
is used as received, with the pendulum balanced in a hori 
zontal position. 

Runs are made over a sufficient length of rough road to 
give readings large enough to be considered suitable for com- 
parison purposes. With these instruments, the entire car can 
be explored —from the ornament on the grille to the rear 
body bolt and from the floor to the roof of the car. The nodes 
and anti-nodes of the car shake become plainly evident when 
readings taken at various points along the span are plotted; 
roll or torsional shake is shown by the larger readings near 
the roof as compared to lesser readings at the floor. But here, 
again, it must be admitted that a direct measurement of 
harshness is not obtained. However, since a vibration consists 
of an amplitude, a frequency, and an associated acceleration, 
the results of pedometer tests do afford a rough comparison 
of cars from the harshness standpoint. 

In the last analysis, observer opinion delivers the final 
verdict in the rating of cars for harshness. There are some 
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who say that this condition is as it should be since a harsh 
ness which is not noticeable to a car passenger is not im- 
portant. However, in the day-to-day study of the problem, 
suitable instrumentation would be of inestimable value in 
enabling the detection of minor differences which would 
indicate trends or effects of certain changes made in the car. 


General Method of Harshness Reduction 

Since harshness refers to one of the more disturbing aspects 
of car ride, an important purpose in car ride improvement 
should be the elimination of harshness or reduction of accel- 
erations (both meaning the same thing). Even if this change 
results in increasing the amplitude of the accompanying mo 
tion, a greater softness and better feel will be the consequence. 
This statement does not mean that amplitude of motion is 
not important, but only that acceleration is more important. 

In reducing these accelerations, two possible methods are at 
hand. One is to make all roads smooth. For obvious reasons, 
this can be dismissed as a possible solution —at least for the 
next few years. The second method is indicated by a couple 
of well-known equations or relations. 


Force — mass times acceleration. 

i” a MX AD 

Work = Energy = Force times the distance through which 
it acts. 


(Energy F average X S). 

From the first equation, it can be seen that, if we are to 
reduce the accelerations A of a given mass M, we must reduce 
the force. The manner in which this force can be reduced is 
indicated by the second equation. Assuming the energy to 
remain constant, if the space S is very small, the force F must 
be correspondingly large whereas, if the space S can be made 
much greater, the force will then be reduced in direct pro- 
portion. 

These principles will be referred to in the subsequent dis- 
cussion of certain parts to which they apply. 


Suspension Vs. Harshness 

Since this is a discussion of car harshness in its relation to 
structural rigidity, only a brief mention of the suspension will 
be included. The principle of force reduction through in- 
crease in cushioning deflection, as mentioned previously, has 
been applied to car springs throughout the past few years 
with the general result that springs have a much lower rate 
and wheel travel is decidedly greater. Little car harshness 
results from the normal free action in a vertical direction of 
present-day springs. 

The so-called conventional type of suspension, using leaf 
springs all around, afforded a small measure of fore-and-aft 
shock dissipation. 

With the adoption of that independent suspension which is 
in most general use today, fore-and-aft shocks became more 
pronounced, since this suspension would deflect very little in 
a fore-and-aft direction. The presence of the fore-and-aft 
shocks just mentioned usually is attributed to the rearward 
component of a radial load through the tire contact and pass- 
ing through the wheel axis or spindle. 

It is possible that the extreme harshness noticeable at times 
may be due even more to longitudinal forces of another sort 
than to the component just mentioned. When a wheel strikes 
an obstacle, some deflection of the tire will result. The rolling 
radius of the wheel is thereby decreased and, since the car 
speed remains substantially constant, the wheel must suffer a 
very sudden angular acceleration. To impart this accelera- 
tion, a rearward force at tire tread is required and this must 
be reacted at the wheel spindle. With the car traveling at a 
moderately high rate of speed, the time interval during which 
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this acceleration takes place is very short, and the force is 
surprisingly high. Its value may be calculated as follows: 


F = 310S*d/p/R(R—d)?./N?— (R—hA)? (1 
where F = force at tire tread, lb. 
S = car speed, m.p.h. 


R = normal rolling radius, in. 

N = undeflected tire radius, in. 

h = height of obstacle, in. 

d = tire deflection due to obstacle, in. 

I, = polar moment of wheel and tire, lb-in. sec.” 
(See Appendix for development of formula) 

Assuming a tire of 13.5-in. rolling radius and a polar mo- 
ment of 11.5 lb-in. sec.? (which is for a wheel with a 6.00-16 
tire), a car speed of 50 m.p.h. and a tire deflection of 1.5 in. 
caused by an obstacle 2 in. high, the force is calculated to be 
860 lb. This value is very considerable, and it appears that it 
can be much greater than the rearward component before 
mentioned. The two are in the same direction, however, and 
probably act simultaneously. If both wheels strike the ob- 
stacle at the same instant, the forces, of course, are doubled. 
Their effect is transmitted through the car structure to all the 
passengers, and the result is something like that produced by 
a sledge-hammer blow on the end of the car frame. 

The solution to this type of harshness requires some fore- 
and-aft resilience and, for a structure as rigid in a fore-and-aft 
direction as the car frame and body, only a little cushioning 
will give very great improvement. 


Car Harshness Vs. Structural Rigidity 

The trend in car structure is toward greater rigidity. In 
the early days of the automobile, the open-section frame was 
used. This frame provided ease of attachment for cross- 
members, brackets, and units. The open-type bodies of that 
period contributed but little to the rigidity of the car. This 
condition was because the door frames did not give side-panel 
strength and because of the absence of the rigid top. The 
major assistance offered the frame by the body was through 
the wooden sills bolted to the top of the frame which in- 
creased the effective depth of the frame over the body length. 
At this time the engine generally was bolted firmly to the 
front portion of the frame and greatly assisted the frame in 
torsional rigidity in that section. 

With the coming of the closed body considerable gain in 
overall rigidity resulted even though a wooden structure was 
used and the body had a fabric-covered top deck. The mount- 
ing of the engine on resilient supports decreased the torsional 
rigidity in this section, but the introduction of the present 
X-member frame more than compensated for this loss. The 
“all-steel” body gave better joining of members and provided 
a continuity of structure which considerably improved rigid-' 
ity. Welding of both frame and body further increased the 
stiffness. The steel roof, by providing efficient shear bracing 
in the roof panel, also increased the torsional rigidity of the 
entire car to a great extent. Fig. 1 illustrates this trend. 

Let it be understood that some of the developments may 
have been made for other reasons than to increase rigidity of 
the car. Some may have been done to improve passenger 
safety, to reduce cost both in material and fabricating labor, 
or to provide adequate strength for the increasing severity of 
service. However, the effect has been a definite trend — step- 
by-step —to give greater rigidity. You may ask the question, 
“why is all this rigidity necessary?” The answer is that the 
performance of the automobile has increased since the early 
days. Speeds have increased — not only top speeds but average 
driving speeds. The car is capable of greater accelerations 
and shorter braking distances at given speeds. In addition, 
rigidity provides greater passenger comfort and car control. 

In early days, cars had considerable shake because of the 
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suff springs and the less-rigid structure. The riveted joints of 
the frame tended to loosen after continued reversals. Different 
sprung parts of the car indulged in considerable motion rela- 
tive to one another because the structure was not stiff enough 
to hold them in their proper relationship. Excitation of the 
natural frequencies of some parts of the structure sometimes 
resulted in car door, seat, floor, steering-wheel and windshield 
amplitudes of motion even greater than those of the exciting 
forces. The result was a most disagreeable roughness and 
harshness. 

Certain characteristics of a car, even though not classified 
as harsh in nature, may contribute greatly to the apparent 
roughness. One is familiar with the close association of the 
senses of hearing, feeling, and seeing. In a ride over a rough 
railroad crossing the roughness that is felt is augmented 
greatly if accompanied by numerous noises and rattles from 
structure and units having flexible supports. The fact that 
the early car structure was characterized by looseness and 
flexibility prevented further manifestation of harshness as the 
energy of the vibration was dissipated or lost in the structure, 
or in producing noise, before reaching the passengers. 

With increased rigidity the present-day car is not free from 
harshness. In making the car rigid the structure was welded, 
the load-carrying members made direct, and the thin sheet 
metal of the body stressed. A rigid structure is an excellent 
conductor of vibrations. Tests have shown that an increased 
frequency of vibration in the shake range greatly increases its 
perceptibility. By making the structure more rigid, the nat 
ural resonance frequency of the structure was increased, often 
making the structure more susceptible to harshness. 

The modern trend in other fields is also toward greater 
rigidity; this statement is true in practically all branches of 
engineering, especially in automotive, marine, and structural 
branches. However, with increase in rigidity has come an 
increase in harshness. As an example, the early steamships 
constructed of wood with looseness in the joints had a low 


frequency vibration whose energy was dissipated quickly in 
the discontinuous structure. However, a modern steamship 
built as a rigid structure and with stressed shell is vibrated 
easily by a poorly balanced engine or propeller. 

Also, vibration in old and loosely constructed buildings is 
not transmitted readily and is not troublesome as it is lost in 
the structural looseness. The modern structurally rigid build 
ing presents a real problem in vibration study as the vibration 
is transmitted readily through the entire structure. These two 
examples present parallel cases of what, to a certain extent, 
has been experienced in the development of the automobile 
structure from a shake or harshness standpoint. 


Harshness and Structural Rigidity 
In the modern automobile the car body is an important part 
of the primary structure. The common idea that the frame 
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Fig. 4-This elevation diagram illustrates graphically how 
much stiffer the complete car is than its frame in the twist 
test 
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carries the entire load is seriously in error. It may have been 
that, several years ago, the rigidity and strength contributed 
by the body to the complete assembly were accidental but, in 
recent years, this function of the body has been recognized 
and structural principles have been applied in its design. 

Calling upon the body to carry its share ot the load is sound 
in principle and permits economical design. Depth of the 
body can be utilized to attain a structure that is far more 
rigid than that which any frame alone, within reasonable 
proportions, can provide. 

Test methods have been set up, designed to establish the 
contributions of body and frame units to complete car rigidity. 
The complete car has been used as the test specimen because 
many makes and models thereby are made readily available, 
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Fig. 5-The X-brace type chassis frame contributes as little 
as 25 per cent to the resistance to either twisting or beam 
deflection of a complete car 





and deflection characteristics can be obtained without injury 
to the car. The chassis frame is compared with it. Car tests 
and frame tests must be identical if the results are to be given 
credence. 

For test purposes, the car is brought up to road weight 
plus passengers by adding lead weights on the seats. The car 
is raised onto wheel blocks and, for the twist test, diagonally 
opposite wheels are lowered until one wheel hangs free. This 
is a front wheel on conventional cars where the center of 
gravity is to the rear of the wheelbase midpoint. It can be 
shown easily that this set-up introduces into the car structure 
a couple equal to one front-wheel reaction times the tread. 
Reference points are established at 12-in. increments along 
the frame rails, and measurements from these points are taken 
to the floor for both the unloaded and the twist positions. 
Fig. 2 shows the test method and results given as angles of 
twist at the 12-in. increments along the car. 

For comparable tests of chassis frame, the test frame is 
fitted with dummy springs and axles and supported at the 
wheel locations. The weight is brought up to one-half of 
road weight plus passengers by adding lead weights distrib 
uted along the span and the front reaction is checked against 
one-half the reaction of the actual car. Twisting is introduced 
by removing one support. Similar measurements are taken 
and the results, multiplied by 2 to bring them up to full 
weight, are shown on Fig. 3. The one-half road weight is 
used because, in some cases, the full load is too severe for tests 
of the frame alone. 

Fig. 4 compares elevation diagrams (side views of the 
structures as distorted by twist load) of the frame and com- 
plete car. 

For normal symmetrical beam load (a test condition to 
which has been applied the term “equal wheel”), lead weights 
are added to the complete car duplicating all the sprung 
weights. motor, body, frame, seats, passengers, and so on. 
The deflection curve due to these weights is established. Ex 
actly the same weights with exactly the same distribution 
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along the span are applied to the frame alone, and a com- 
parable deflection curve results (Fig. 5). It is shown that the 
chassis frame contributes as little as 25 per cent to the resis 
tance to deflection of a complete car. 

The discussion of these tests finds a place in this paper 
because of the relation that exists between harshness and 
rigidity. Rigidity has been shown to be desirable, but harsh- 
ness accompanies rigidity into some of our modern auto- 
mobiles. 

If the body were divorced entirely from the frame and no 
load was transmitted to it, harshness would not exist. Imagine 
the body as a rigid unit within itself but floating on a thick 
pad of soft rubber over the frame. Shocks at the road would 
be softened to negligible magnitude at the passenger. But the 
frame, to be of adequate strength and sufficiently rigid within 
itself to be commercial by present standards, would be so 
large and heavy as to be impractical. 

Fig. 6 shows the effect of rubber grommets inserted at each 
body bolt between the frame and body. The deflection of the 
complete car was doubled. These mountings are not to be 
confused with the restrained rubber body mountings which 
are now used in Chrysler products. They will be discussed in 
a later paragraph. This chart illustrates the part that the body 
plays in reinforcing the frame. 

In all of these studies which have been illustrated by charts, 
it is evident that the greater part of the deflection of our con- 
ventional cars today, whether under twist or equal wheel 
load, occurs ahead of the dash (Fig. 7). Deflection in the 
body length is negligible. 

Unit construction —-the integral body and frame —has, as 
one of its basic advantages, rigidity. This rigidity has been 
accomplished by extending the body forward over a greater 
part of the complete car length. Because of the knowledge 
that shallow frame rails extending ahead of the dash account 
for most of the deflection, the cowl is extended as a deep 
cantilever or inclined struts are used to brace this part of the 
car span. 


But unit construction has been labeled as harsh and, in 
general, harshness has increased as rigidity has been attained. 
the possible ways in which stiffness influences harshness can 
be summarized as follows: 

1. Undoubtedly, the increased rigidity has eliminated al 
most entirely any secondary suspension effect from the struc- 
ture. If the deflections of the structure itself, in the past, have 
made up for deficiencies in the suspension then, with unit 
construction, the suspension must be refined further. 

The general problem of harshness is a dynamic one rather 
than a static one. Its solution by structural means is, there 
fore, difficult. Its elimination by mechanical means should be, 
in comparison, much easier. 

2. Increased rigidity raises the natural frequency of the 
structural assembly of the car. Harshness has been described 
in terms of frequency and, in these rigid structures, it 1s quite 
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Fig. 7—The greater part of the deflection of a car occurs in 
the frame ahead of the dash 
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possible that the trequency has become such that the structure 
responds to blows from the road with a vibration that is more 
harsh than in the more flexible structure. Obviously, the most 
practical method of attacking this problem is to soften the 
blow. 

3. Our tests have shown that bodies carry load. As rigidity 
is improved by extensions of the structure forward, toward or 
over the front axle, body loads are increased. If such an auto- 
mobile in which the body provides great rigidity strikes a 
bump, the loads which are introduced into the body are 
greater than in the less-rigid car. Stressed bodies which trans 
mit more load will transmit shocks to the passengers. 

4. Every effort has been made in the past to reduce un 
sprung weight. The important criterion, however, is not so 
much the magnitude of the unsprung weight as it is the ratio 
of the sprung to the unsprung weights. To increase arbi 
trarily the sprung weight in order to augment this ratio 
would be very poor engineering. To fail in utilizing the full 
effect of the sprung masses that are a necessary part of the 
car is equally poor engineering. A rigid structure will hold 
all the items of weight, which are distributed throughout its 
length, to constant relationship with one another. They can 
then resist, as one mass, every attempt from an outside source 
to excite vibration, and the result will be an increase in effec 
tive sprung weight with no addition to the actual car weight. 

This discussion has been confined to vertical and torsional 
rigidity of our structures. Rigidity in a fore-and-aft direction 
always has been very large compared to stiffness vertically. 
The frame rails function as relatively flexible beams under 
vertical loads and as straight rigid columns under any fore 
and-aft loads. Regardless of the type of construction, there is 
no appreciable flexibility available in this direction for force 
dissipation. Therefore, it is to be expected that fore-and-aft 





Fig. 8—Harshness can be reduced by means of harshness 
and noise insulation applied to the spring ends 


blows transmitted from the road through the suspension to 


the car must, by the nature of the structure, be shocks that are 
harsh. 


Method of Reducing Harshness 


Attempts have been made to alleviate the harshness condi- 
tion by use of cushioning pads. In the type of construction 
where the frame is of the conventional X-braced type, rubber- 
spool-type insulators have been placed between the body and 
frame at the attaching points. Their movement has been 
limited so that, for any serious structural distortion, they 
bottom and the body functions with the frame. For small 
movements, they give a softening of the car. Any loss in stiff- 
ness, however, small though it be, is begrudged since struc- 
tural rigidity is a primary aim. 
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Another type of harshness and noise insulation has been 
developed for use at the spring ends. The advantages ot 
insulating at this location are quite real. There is no reduc 
tion in structural rigidity. It can be applied equally well to 
both the conventional and the unit type of construction. The 
insulation is placed closer to the source of vibration. (Fig. 8.) 

These insulators, or shock and vibration cushioners, consist 
of rubber bonded to small metal discs and so mounted at the 
spring ends that the rubber is loaded in shear. They are free 
to deflect in all directions in a vertical and longitudinal plane 
but are definitely limited laterally. For the front independent 
suspension, the shear rubber may be built into the knuckle 
support. Since deflections up to 3/16 in. each way from the 
normal position are obtainable easily, the formula, “energy 
equals force x space,” shows that, if the deflection under a 
given load were even as much as 1/32 in. for the normal 
spring connections, the force transmitted would be reduced 
to one-sixth its former value by the insulators. Although but 
few tests have been made thus far, this method of insulation 
has shown promising results in harshness reduction. 

There are probably many ways of soiving the problem of 
harshness. Automotive engineers still have countless un 
solved problems. They always will have as long as their aim 
is a continuing progress toward the ideal set forth in the 
beginning of this paper. An energetic attack on and solution 
of these problems is our surest guarantee of the continued 
retention by the automobile of its predominant position in 
the field of transportation. The suspension and _ structural 
engineers must continue to work hand-in-hand for progress 
toward that ideal ride which will be characterized by a com- 
plete absence of harshness. 


Appendix 


Development of Equation (1) 
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Aircraft-Engine Lubrication 


By E. L. Bass and C. H. Barton 


Asiatic Petroleum Co., Ltd. 


T may be necessary to compromise among the 
ring-sticking, sludge-forming, and corrosion 
properties of oil for civil aircraft engines, the 
authors suggest. No laboratory tests are yet able 
to predict the performance of an oil in an aircraft 
engine, they contend, and therefore, full-scale en- 
gine tests are necessary for final judgment. How- 
ever, they explain, much preliminary work can be 
carried out in suitable small units. 


To illustrate the complexity of the problem the 
authors set forth five requirements for an aircraft- 
engine lubricant: 


1. It must not cause ring-sticking under the full- 
throttle detonating conditions of take-off. 

2. It must not cause ring-sticking under weak- 
mixture cruising conditions. 

3. It must give freedom from sludging so that 
there is no ring-jamming, so that the oil scrapers 


are kept free, and so that the overhaul periods are 
not limited. 

4, It must provide protection from cold corro- 
sion. 

5. It must not be corrosive to special alloys. 
such as cadmium-base bearings. 


Test data which are treated in the appendix of 
the paper, include specifications of the single- 
cylinder 250-cc. engines used for ring-sticking 
tests; and of the 500-ce. single-cylinder engine for 
sludge-testing. Results of these tests are correlated 
with single-cylinder aircraft full-scale 


engine, 
bench, and flight-test results. 


In a discussion of engine results, the paper takes 
up the influence of mechanical conditions; carbon 
formation; sludging; effect of lead content of the 
fuel; ring-sticking and dopes; and bearing corro- 
sion. 





HE demand for a means of rating oils for aircraft en- 

gines has still to be satisfied. The importance of this 

demand tends to increase as time goes on since lubri- 
cating-oil requirements of engines become more arduous as 
their specific power outputs increase. Moreover, the develop- 
ment of oils suitable for the latest high-output engines is 
retarded if a satisfactory testing technique is not available. 

The task is one of considerable complexity due to the vari- 
able demands made upon the oil. It is no longer the simple 
function of an oil to lubricate — it also has to cool and protect 
certain parts from corrosion under a wide range of tempera- 
tures and pressures. Additional complication is introduced by 
the enormous influence which details in design? have upon 
lubricating-oil conditions. We know now that, with a given 
engine, the lubricating oil must fulfill the following require- 
ments: 

1. It must not cause ring-gumming under the highest tem- 
peratures and possibly under slightly detonating conditions 
likely to be met. These conditions will occur on full throttle 
during take-off. 

2. It must not cause ring-gumming under weak-mixture 
cruising conditions. 

3. It must give freedom from sludging so that: 

a. Ring-sticking due to accumulation of carbon and 
sludge in the ring-grooves does not occur. 


[This paper was presented at the Semi-Annual Meeting of the Society, 
White Sulphur Springs, West Va., June 14, 1938.] 

1 See “Aero Engine Design and Lubrication,’ by E. L. Bass, presented at 
the General Discussion on Lubrication and Lubricants, 


Institution of 
Mechanical Engineers, October, 1937 


b. Oil-control rings do not become clogged and, there 
fore, inoperative. 

c. Heavy deposits of sludge are avoided which may limit 
the period between overhauls. 

4. It must, as far as possible, provide adequate protection 
from cold corrosion of working parts during periods of in 
action of the engine. 

5. It must not be corrosive to special alloys, such as cad 
mium-base bearings. 


The relative importance of each of these requirements obvi 
ously will depend largely upon operating conditions; it also 
will vary from one make (or even type) of engine to the next. 
The difficulties in providing an engine test capable of rating 
oils for all engines are immediately apparent. One specific 
engine test may be developed, taking due account of all vari 
ables, but the results obtained only can be applicable to the 
type of engine in which the tests were made. 

The proper attack of the problem involves the examination 
of the effect of each operating condition as far as it is possible 
to segregate them. For preliminary experiments small air 
cooled motorcycle engines were selected as test units. These 
offered considerable advantages for laboratory tests in the 
direction of ease and the cost of installation and operation. 
The results obtained have amply justified this decision. 

The first engines installed were of 250-cc. (15 cu. in.) ca 
pacity. Details of these engines, together with a description 
of the testing equipment, are given in Appendix 1. 

A good deal of experimenting was necessary to find the 
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most suitable test conditions to employ on these engines. It 
was found that, to obtain ring-gumming in any period less 
than 5 hr., involved engine conditions so severe that consider- 
able difficulty would be encountered in maintaining accuracy 
of results on account of excessive wear and tear of the engine. 
A 5-hr. test period was therefore adopted. At the time the 
experiments were initiated little was known about the effects 
of weak-mixture running on lubrication —in fact aircraft en 
gines were not then capable of running continuously at the 
weak mixtures commonly employed under cruising conditions 
today. It was known, however, that detonation had an appre 
ciable influence on ring-gumming, and investigation showed 
that, at the same mixture strength, the occurrence of detona 
tion required the lowering of cylinder temperatures by about 
10 deg. cent. to obtain the same degree of ring-gumming as 
with no detonation. The first set of test conditions was there 
fore established, that is, using a fuel of an antiknock value 
just to give moderate detonation at the beginning of the test, 
the intensity of detonation being maintained constant through- 
out the test by adjustment of ignition timing. Subsequent 
experience on aircraft engines showed the mixture strength to 
have an appreciable influence on ring-gumming, and the sub 
ject was examined.on the test engines. The experiments made 
showed that the relative rating of oils could be changed ac 
cording to the mixture-strength conditions under which they 
were tested. As a result, it was decided that oils should be 
tested both under rich-mixture (full-power mixture strength) 
detonating conditions, and at weak mixture (cruising mixture 
strength) without detonation. 

Experience gained with these engines was valuable, and 
correlation with practice was obtained with certain exceptions. 
To extend the investigation, particularly in the direction of 
studying the behavior of oils in tests of longer duration, a 
Norton racing motorcycle engine has been installed (for de 
tails see Appendix 2). This engine, as well as the J.A.P. 
engines previously mentioned, are operated at the works of 
Messrs. Ricardo & Co., Shoreham-by-Sea, England. In addi 
tion to comparative tests on ring-sticking and piston cleanli 
ness, this engine is being used to study the building up of 
carbon in the ring-grooves. The results so far indicate that 
there is little connection between ring-sticking and the amount 
of “ring-packing,” that is, the quantity of carbon formed 
behind the ring. Incidentally, the same conclusion has been 
reached from the J.A.P. engine work. 

It will be evident that results obtained on these small en 
gines had to be correlated with full-scale engine results before 
they could be considered of any value. A certain amount of 
data were obtained from various tests and service results, but 
there were always too many gaps in these data to permit of 
reliable correlation being obtained. We were fortunate at this 
stage in having the cooperation of The Bristol Aeroplane Co., 
Ltd. A single-cylinder test unit was installed for oil tests and 
a test program devised. This program entailed not only the 
actual running conditions to be used but also the control of 
component parts of the engine used for each test. See Ap 
pendix 3. 

The table opposite shows some comparative results ob- 
tained with the small laboratory engines and the single 
cylinder Bristol unit. 

The lubricating oils used for the foregoing experiments 
were chosen for their good performance with respect to ring 
sticking at high temperatures. In the single-cylinder Bristol 
engine the tests on oils 4 to E were each 65% hr. From the 
test on F onwards, each oil was run for 75 hr. For the test 
on oils F to M the cylinder-head was modified and, for the 
check test on oil H and succeeding work, a new type of piston 
was used. 


From the point of view of ring-sticking the best oils in the 
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Bristol engine are E, D, H, J], and F. The first four of these 
oils also show the highest resistance to sticking in the J.A.P. 
engines under condition (a), but oil F is under-rated. Oils 
A, B, and K come out slightly inferior to the first group both 
in the Bristol engine and in the J.A.P.’s under test condi 
tion (a). In the J.A.P. units (according to test condition (b) ) 
D, H, J, and F come into the first class, but FE gives less satis 
factory results. 

As regards the cleanliness of the piston and, in the case ot 
the Bristol engine, the engine as a whole, the oils 4, B, K, L, 
and N are the best in the Bristol tests. Excepting oil L, which 
gave a dirty piston under condition (a), all these oils gave 
good results in the J.A.P.’s. The dirtiest oils in the Bristol 
unit were D, E, and M; these oils also gave similar results in 
the J.A.P.’s excepting oil M under condition (b). In general 
the appearance of the J.A.P. pistons is likely to vary consider 
ably from test to test even when the running conditions are 
maintained as constant as possible. In this direction the longer 
tests in the Norton unit seem likely to give more definite 
results. 

Even at this stage, it was not certain that correlation would 
exist between results on the single-cylinder unit and in service. 
The next stage, therefore, was full-scale engine bench tests. 
These, consisting of 200-hr. runs simulating service conditions, 
have given results in good agreement with the single-cylinder 
unit. Further data obtained in airline service under compara- 
ble operating conditions are being collected. 

It will be appreciated that, in the development and pur 
suance of the tests enumerated, much incidental data have 
been accumulated. 


Effect of Mechanical Conditions 


The influence of piston-ring side clearance is shown in 





Fig. 1. In Fig. 2 is shown the effect of side clearance of the 
J. A. P. Engines 
(5-Hr. Tests) 
Ring-Sticking 
Temperatures, deg. cent. 
(a) (b) 
Single-Cylinder Bristol Engine Fuel-air 
Maximum mixture 
Rings power 10 percent 
with weak, no 
Oil Top Second Cleanliness detonation detonation 
A Free 75 percent Very clean 295 275 
stuck Clean Clean 
B 30 percent 25 percent Very clean 295 275 
stuck stuck Clean Clean 
D Free 40 percent Dirty 300 280 
stuck Dirty Dirty 
E Free Free Very dirty 300 275 
Dirty Dirty 
F Free 40 percent Clean 285 280 
stuck Clean Clean 
G Free 100 percent Clean 285 280 
stuck Dirty Clean 
H Free 30 percent Fairly clean 300 280 
stuck Dirty Dirty 
J Free 30 percent Clean 300 280 
stuck Dirty Dirty 
K Free 60 percent Very clean 295 270 
stuck Clean Clean 
L Free Ring broke Very clean 295 280 
(rather bet- Dirty Clean 
ter than K) 
M Free 90 percent Ratherdirty 295 280 
stuck Dirty Clean 
H Free Free Clean 
(check) 
N Free 100 percent Very clean 295 275 
stuck indeed Clean Clean 
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Fig. | — Relation between initial side clearance of top piston- 
ring and cylinder temperature required to produce ring- 
sticking in 5 hr. 


250-cc. air-cooled J.A.P. engine No. 3, 3000 r.p.m., 


non-detonating 
conditions. 


Same lubricating oil used for all tests. 


rings on running time before sticking occurs in the single- 
cylinder Norton engine. Variations in piston skirt clearance 
also have a marked effect on ring-sticking temperature. Since 
an experimental error greater than +2 deg. cent. could not 
be permitted on check tests, it became necessary to exercise 
the most careful control of mechanical conditions, and to use 
standardization or check tests at frequent intervals. These 
observations do not apply only to the small engines; they are 
equally applicable to the aircraft-engine tests. How little re 
gard is paid to the importance of this aspect of the problem 
is evidenced by the occasional submission of results based on 
flight tests made in all good faith on engines frequently of 
different age, probably on different aircraft operating on dif- 
ferent routes. If flight tests of this nature are to be of any 
value, much closer control of the tests must be exercised, or 


mass data must be obtained over thousands of hours of engine 
operation. 


Bearing Corrosion 

Attention first was drawn to the question of bearing corro- 
sion with the use of lead-bronze as a bearing material in 
automobile engines. The introduction of wholly solvent- 
extracted oils at about the same time appeared to aggravate 
the trouble. Laboratory tests have been developed for the 
determination of the corrosive action of oils on bearings, but 
there appears to be a lack of data to show how far these tests 
correlate with practice. It was clearly necessary, therefore, 
first to develop an engine test from which existing laboratory 
tests could be checked, or alternatively, to make an attempt to 
modify them so that reliable correlation could be obtained. 
In order to get bearing corrosion in a reasonable period of 
time, engine conditions had to be made unusually severe. 
Since the temperature of the bearing appeared to be the con- 
trolling factor, an engine was modified to operate with ex- 
tremely high oil temperatures, ranging up to 170 deg. cent., 
as shown in Fig. 3. The tests consist of runs of 20 hr. pre- 
ceded by 4 hr. of running in of the big end at normal oil 
temperature (50-60 deg. cent.), the oil temperature being 
found at which bearing corrosion just develops. With lead- 
bronze bearings an oil was considered satisfactory for most 


2See S.A.E. Transactions, Vol. 21, 1926, Part II, pp. 150-181: 
ence of Temperature, Fuel, and Oil on Carbon Deposition,” 
Merley, C. J. Livingstone, and W. 
ing, Vol. 2, May, 1930, pp. 109-113: 
Thornycroft and C. H. Barton. 

3 See Aircraft Engineering, Vol. 
cation of Engines,” 
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“The Lubrication of Engines,” by O 


2, May, 1930, pp. 109-113: 
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purposes, providing the temperature at which corrosion ap- 
peared on the bearing was not below about 145 deg. cent. The 
results on lead-bronze vary considerably with the brand of 
bearing metal, which appears to be very liable to 
effects in the case of unsatisfactory metals. With cadmium 
base bearings there appears to be an increased danger of corro 
sion from oil and, in view of the mechanical advantages of 
these bearings, tests in the special engines referred to have 
been conducted with them, and these tests have been followed 
by full-scale engine tests. There has been some difficulty in 
obtaining satisfactory correlation between small-engine and 
full-scale engine tests. 


“erosion” 


Effect of Fuel on Carbon Formation 

Since the element carbon is the principal constituent by 
weight of gasolines, the possibility that the fuel may contrib 
ute to the formation of carbon deposits cannot be ignored. 

Some experimental results have been published* to show 
that the use of rich fuel-air mixtures gives somewhat greater 
total carbon deposits than those obtained with weaker muix- 
tures. More recently Bouman, at the Delft Laboratory, has 
run a single-cylinder engine on hydrogen and on a non-leaded 
aviation gasoline without finding any appreciable difference 
in the amount of carbon obtained on the piston crown under 
comparable conditions of load and engine temperature. The 
carbon in the ring-grooves was actually greater with hydrogen 
than with gasoline. The general evidence of the experiments 
was to the effect that the fuel plays a relatively small part in 
the formation of carbon deposits, except in the case of leaded 
fuels when lead may contribute materially to the weight of 
deposit and also make it very adherent. 


Proportion of Oil Burnt to Carbon 


An attempt was made some years ago to estimate the pro- 
portion of the total oil ommend which burns to form carbon 
in the combustion space.* The method of dealing with this 
problem consisted in adding a soluble metallic 
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nickel oleate, in known amount to the lubricant. The as 
sumptions involved are that the oil which carbonizes in the 
combustion space retains the corresponding amount of nickel 
in the deposit, and that nickel is not left behind in the cylin- 
ders by oil which does not carbonize. These two possible 
sources of error act in opposing directions. Some support for 
the second assumption is afforded by the observation that the 
percentage of nickel (0.20-0.05 per cent) in the crankcase oil 
remained unaltered at the end of the various experiments. 
Tests were carried out in several single-cylinder bench en- 
gines running at various temperatures and on different lubri- 
cants to which known proportions of nickel oleate had been 
added. Analysis of the carbon deposits for nickel content 
indicated that between 10 per cent and 20 per cent only of 
the total oil consumed was responsible for the carbonization. 
Duplicate experiments in the same engine gave figures which 
showed a spread of only 1.3 per cent. A test was also carried 
out in a four-cylinder engine on the road. The rate of oil 
consumption in this case was very high, namely 1 imperial 
gal. per 700 miles. Analysis of the carbon deposits indicated 
that only 7 per cent of the total oil consumed was responsible 
for the carbon. This result appears reasonably consistent with 
the previous findings, since it is a matter of general observa- 
tion that, at very high rates of oil consumption, the ratio of 
weight of carbon formed to oil consumed tends to fall. The 
general conclusion of these experiments, therefore, is that the 
carbon formed in the combustion-chamber is the product of 
decomposition of not more than 20 per cent of the total oil 
consumption. 


Other Factors Affecting Carbon Formation 


Apart from the influence of the carbon-forming character- 
istics of the lubricant itself, the amount of carbon deposited 
on the piston and cylinder-head depends on a number of 
factors,* amongst which the principal ones are engine design, 


*See A.S.T.M. Symposium on 
1933, p. 7: “Carbon Deposits in 
see also “‘Science of Petroleum,” 
of Lubricants,” by C 
Press, 1938). 

5 See S.A.E. Transactions, Vol. 26, 1931, pp. 373-379, 399: ‘Factors 
Controlling Engine-Carbon Formation,” by W. H. Bahlke, D. P. Barnard, 
J. O. Eisinger, and O. FitzSimons. 

® See Gruse (Footnote 4); see also Technical Paper No. 500, 1931, U.S. 
Bureau of Mines: ‘Relationship between Volatility and Consumption of 


Lubricating Oils in Internal-Combustion Engines,’”’ by Gustav Wade and 
A. L. Foster. 


Motor Lubricants, New York, March, 
Gasoline Engines,” by W. A. Gruse; 
Vol. IV, pp. 2622-2633: “Engine Tests 
. H. Barton and O. Thornycroft (Oxford University 
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running conditions, and rate of oil consumption. There 1s 
some evidence to show that, if all the controlling conditions 
remain unaltered, the amount of carbon deposited tends to 
reach a constant value.*:* Starting with a clean engine, the 
time required for the full quantity of carbon to form is of the 
order of 20 to 50 hr. Further running under steady conditions 
produces no appreciable increase in the carbon deposit and it, 
therefore, appears that a state of equilibrium is reached in 
which the tendency for carbon to settle in the combustion 
space is balanced by the opposing tendency of the deposits to 
burn away or disintegrate. The state of equilibrium naturally 
is disturbed by a change in any of the factors controlling car- 
bon formation, such as engine output or temperature. 

From the practical point of view the influence of rate of oil 
consumption on carbon deposition is of some importance. 
Experimental evidence® shows that, when the oil consumption 
is not high, the quantity of carbon produced in a given time 
is proportional to the amount of oil used. If, however, the 
rate of consumption of the lubricant is rapid, the proportion- 
ality is not maintained and the amount of carbon formed may 
even be diminished. This point is illustrated by the following 
results from a single-cylinder bench engine using the same 
lubricating oil and working conditions in all tests. The rate 
of oil consumption was controlled by adjustment of the relief 
valve of the oil pump. 


Test Number 1 2 


3 
Oil consumption, pt. in 20 hr. 0.92 1.41 2.27 
Carbon on piston crown, gm. 0.32 0.54 0.34 
Carbon on piston crown expressed as 
gm. per pt. oil consumed 0.35 0.38 


0.15 


In these tests the rates of oil consumptions, in terms of pt. 
per b.hp-hr., were approximately 0.01, 0.014, and 0.023 re- 
spectively. 

As long ago as 1926,” evidence was accumulated to show 
that the amount of carbon deposited on the cylinder fell as the 
head temperature was raised above 170 deg. cent. The effect 
of load was studied in a water-cooled engine by Bahlke, 
Barnard, Eisinger, and FitzSimons® who found that the car- 
bon formation which was very slight at low loads increased 
with load to a maximum and then diminished as the load 
increased still further. As these authors point out, an increase 
of load, other factors such as jacket temperature being con- 
stant, produces an increase in the temperature of the combus- 
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tion-chamber surface so that the effect of the two factors on 
carbon deposits is a parallel one. 

Some results on one of the air-cooled single-cylinder J.A.P. 
engines employed for the ring-sticking experiments described 
elsewhere in this article have been obtained on carbon forma- 
tion over a relatively narrow range of high temperatures. In 
these engines the lubricant is supplied at a constant rate to 
the crankshaft bearings and, apart from leakage, becomes a 
total loss via the combustion-chamber. The results of a num- 
ber of 5-hr. tests with the same lubricant (under non-detonat- 
ing conditions) are embodied in the following table: 


Cylinder-Head 


Carbon on 
Control Temperature, 


Carbon in 
Piston Crown and 


Top Ring-Groove, 


deg. cent., Top Land, gm. 

Inlet Side gm. 
280 0.48 0.07 
295 0.39 0.08 
300 0.35 0.08 
305 0.39 0.16 
310 0.44 0.30 
315 0.38 0.32 
320 0.44 0.40 





In this engine there is no tendency above 295 deg. cent. for 
the amount of carbon on the top of the piston to fall in quan- 
tity as the cylinder temperature is raised. On the other hand, 


the carbon in the top piston-ring groove increases with the 
temperature. 


Sludge Formation 

The objectionable properties of the pasty material which 
often is found in the lubricating system of an engine are well 
recognized. Sludge occurs in places to which the lubricating 
oil has access and the lubricant is, therefore, almost always 
blamed for the trouble - often with good reason but some- 
times unfairly, because a number of factors may be concerned 
in the question. 

In the first place, it should be made clear that, in this dis- 
cussion, the term “sludge” refers either to the actual semi-solid 
material formed in an engine and containing a considerable 
proportion of oil together with carbonaceous matter and ash, 
or to a similar material which ey be separated from a used 
oil by filtration through paper’ or by centrifuging. The type 
of material obtained by mixing a used oil with a volatile 
solvent such as petroleum ether, chloroform, and so on, and 
filtering off the precipitated solids is not properly described as 
sludge. It is obvious that the addition of the light solvent to 
the used oil brings about a set of conditions quite different 
from those under which the oil throws out sludge in the 
engine. Thus, the solvent may precipitate from the used oil 
materials which normally would remain dissolved or sus 
pended while, on the other hand, it may dissolve components 
which tend to separate from the oil and form sludge. For the 
present argument, therefore, sludge may be defined as semi- 
solid, insoluble material which is capable of separating out 
from the oil. The oil content is included in with the sludge, 
a procedure which seems to be legitimate from the practical 
point of view but is apt to give rise to difficulties when it is 
desired to collect and measure the amount of deposit. When, 
however, it is found that sludge deposits, formed either in the 
engine or obtained from a used oil by filtration, contain very 
varying proportions of oil or are too fluid to be handled con- 
"eSas “Sdence of Petroleum,” Vol. IV, pp. 2622-2633: 


Lubricants,”” by C. H. Barton and O. Thornycroft 
Press, 1938). 


8 See Aircraft Engineerina, Vol. 2, May. 1930. pn. 109-113: “The Lubri- 
cation of Engines,” by O. Thornycroft and C. H. Barton; see also Discus- 


“Engine Tests of 
(Oxford University 


sion on Lubrication and Lubricants, Institution of Mechanical Engineers, 1937, 


by Bouman, Vol. I, p. 640: see also Annales des Combustibiles Liquides 
September-October, 1936, pp. 945-966: “Sur L’Alteration Des Huiles,”’ by 
A. Maillard, A. Acker, and F. Rengade. 


veniently, the oil content may be removed by means of petro 
leum ether and the insoluble solids taken as a measure of the 
sludge. The results by this method in general are not propor 
tional to those given by a similar treatment applied to an 
average sample of the used lubricating oil (compare Appen 
dix 3). There is one point of difference between sludge as it 
separates in an engine and as estimated by filtration of a used 
oil. In the former case the separation of the sludge is never 
complete — filtration or centrifugal treatment of the used oil 
will remove further sludge from the lubricant. 

The principal factors controlling sludge development are 
the following: 

1. The presence of water in the lubricant hastens the sepa 
rating of sludge and, generally speaking, tends to bring dit 
ferent types of lubricating oil to the same level as regards 
sludging properties. The estimation of sludge in used oils 
when water is present is generally impossible by filtration, 
although centrifugal separation of the sludge is often prac 
ticable. 

The nature of the lubricating oil has an important in 
fluence on sludging from two aspects: the tendency of the oil 
develop sludge-forming substances during use, and the 
ability of the oil to retain these materials in solution or sus 
pension. The development of the sludging substances appears 
to be due to oxidation and cracking of the oil in the combus 
tion space® and, to some extent, on the underside of the pis 
ton. The fact that decomposition of oil above the piston is 
largely the origin of crankcase sludge explains why even the 
most stable oils can, under suitable conditions, form sludging 
materials in use to an extent quite out of proportion to their 
resistance to oxidation under laboratory conditions at tem 
peratures around 200 deg. cent. 

The extent to which an oil is able to retain sludge-torming 
substances in suspension depends very greatly on its com 
position and degree of refining. In general the more stable 
oils, that is, those most resistant to oxidation, appear to exert 
less “solvent” action than is possessed by the less stable lubri- 
cants. Cases are known in which oils relatively resistant to 
oxidation have produced objectionable deposits in service 
owing to the fact that they have allowed a large proportion 
of the small total quantity of sludge present to separate out. 
It also has been found that, by the addition of certain com 
ponents which have an adverse effect on the resistance of the 
oil as a whole to oxidation, the sludge deposition in service 
can be reduced and the internal appearance of the engine 
improved due to the solvent action of the components on 
sludge. It is frequently almost impossible to remove by filtra- 
tion the.sludge from such used oils since the solid particles 
are in a finely divided form and rapidly block the pores of a 
filter paper. 

3. Engine working temperatures and load have surprisingly 
little effect on the development of sludge. On the other hand, 
rate of oil consumption has a very great effect, so great, in 
fact, that a high rate of oil consumption accompanied, as it 
frequently is, by the presence of water in the oil due to blow 
by, may ' produce rapid sludging with almost any lubricant. 
The conhection between high oil consumption and sludging 
depends upon the fact that decomposition of the oil in the 
combustion space gives rise to the sludge-forming materials. 
A high rate of oil consumption implies a high ‘ feed” 
to the combustion space. 


of oil 
A proportion of this oil finds its 
way back to the crankcase in a more or less decomposed state. 
The extent to which the returning oil is oxidized and cracked 
is almost independent of the load and working temperatures, 
and hence the interesting result follows that a low-duty en 
gine with a high oil consumption will produce more ar 
than a high-duty, high- ‘temperature engine working with 

low rate of oil consumption. 


Furthermore, it is possible to 
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show in an engine in which the rate of oil consumption 1s 
capable of adjustment by control of the pressure and rate ot 
circulation of the lubricant, that the rate of sludge production 
with a particular oil increases with the oil consumption. Ex- 
periments of this nature are best done without the addition 
of fresh “make-up” oil which naturally tends to mask the 
differences arising from changes in consumption. 

In view of the complexity of the problem it is not surpris 
ing that oxidation experiments performed on oils in the 
chemical laboratory are ineffective for judging the sludging 
properties of the oils in service. The conditions of the usual 
oxidation test carried out in the temperature range ot 150 
to 300 deg. cent. entirely fail to reproduce the changes which 
take place in the lubricant while it circulates between the 
crankcase and combustion space. The relative rates of forma 
tion of asphaltenes in a series of oils undergoing oxidation 
may be parallel to those which occur in a carefully controlled 
engine test, but the results of such experiments merely indicate 
the general resistance of oils to oxidation, a property which 


bears only a very obscure and indirect relation to behavior in 
service. 


Conclusion 


In the present state of knowledge it is without doubt es 
sential to evaluate the performance of aircraft oils in every 
important property, except that of viscosity, by actual tests in 
engines. A great deal of the preliminary work may be car 
ried out in suitable small units, but the final judgment re 
mains with the full-scale engine. 

Finally, the authors desire to thank the directors of The 


Asiatic Petroleum Co., Ltd., for permission to publish this 
paper. 


Appendix | 
Single-Cylinder J.A.P. Air-Cooled Engines 


These engines are production units made for motorcycles. 
Their dimensions are as follows: 

Bore and stroke (cast-iron cylinder), 62.5 x 80 mm. 

Swept volume, 250 cc. (15 cu. in.) 

Aluminum-alloy piston with two cast-iron pressure rings. 

Compression ratio, 5.2:1 approximately. 

Each engine is direct coupled to an electric brake. 

Cooling is provided by a variable-speed, electrically driven 
tan which supplies air through a duct to the exhaust side of 
the cylinder. For temperature control, nichrome-constantan 
thermocouples are fixed in four pockets drilled tangentially 
in the cylinder barrel between the top and second cooling fins, 
(see Fig. 4). For regulating the speed of the cooling wind 
the reading of the thermometer on the “inlet side” is used. 
This thermometer is diametrically opposite to the “exhaust 
side” of the cylinder on which the cooling wind impinges. A 
thermocouple also is fixed in the exhaust pipe near to the 
exhaust port. The exhaust pipe is lagged with asbestos to 
prevent the cooling wind from reaching it. 

Temperature readings also are taken, by means of a mov 
able thermocouple, on the “inlet side” of the cylinder-barrel 
at two points vertically below the fixed “inlet side” pyrometer. 
The lower point is in line with the lowest position of the ring 
travel, and the intermediate point is halfway between this 
point and the fixed thermocouple. 

The standard “Amal” carburetor is used with the addition 
of a variable jet for controlling fuel consumption. A 


fuel 
flowmeter is provided. 


Engine lubrication is on the “total-loss” system. Oil is sup 
plied at a measured rate, by pump, to the timing-gear cham 


ber, from which it flows to the internal flywheels and _ is 
thrown to the cylinder. The roller bearing big-end is lubri 
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Fig. 4—Relative positions of thermocouples in J.A.P. engine 
cylinder 


cated by splash. A special magneto is used provided with a 
hand-timing adjustment of wide range. Spark-plugs of rac 
ing type are employed. 
Test Conditions 

Engine speed, 3000 r.p.m. 

Load, approximately full throttle (B.m.e.p., go-100 |b. per 
sq. in.). 

Fuel consumption, 4 pt. per hr. (3.6 pt. per hr. for tests at 
“ro per cent weak”). 

Lubricating-oil feed, 1.3 cc. 


3 per min. (for normal condi- 
tions ). 


Cylinder-barrel temperature (at fixed thermocouple on inlet 
side), 250-310 deg. cent. (depending on the oil and conditions 
oft test). 

To obtain consistent results it is essential that the diametral 
clearance of the piston skirt and the side clearance of the pis- 
ton-rings in their grooves should be kept within narrow limits. 

The diametral clearance of a new piston in the cylinder is 
adjusted to the following values at various points on the 
piston: 

Bottom of skirt, 0.008 in. 

Top of skirt, 0.010 in. 

Second land, 0.014 in. 

Top land, 0.025 in. 


When the clearance at the bottom of the skirt, owing to 
wear, exceeds 0.012 in., it is necessary to fit a new piston in 
order to obtain constancy in the ring-sticking temperatures. 

The side clearances of the piston-rings in their grooves are 
adjusted to 0.00025 in., and total clearances in the range 
0.0015-0.003 in. are used generally. 

The life of a standard cast-iron cylinder is usually 600-1500 
hr., but pistons generally require replacement after about 100 
200 hr. 

For tests under detonating conditions a fuel of C.F.R. oc- 
tane number of 55 (Motor Method) is employed. For “no 
detonation” a gasoline of octane number about 70 is required. 

The general method of comparing the ring-sticking per 
formance of lubricating oils is to determine the cylinder tem 
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peratures at which sticking takes place in 5 hr. of running. 

After 5 hr. of running the cylinder is lifted and the rings 
are inspected. If sticking has occurred, the engine is dis- 
mantled and the extent of the sticking determined, that is, 
whether the top ring (or bottom ring) is stuck “all ’round,” 
“one-fourth,” “one-half stuck,” or merely “stuck at one horn.” 
If no sticking has taken place, then this test is repeated at a 
temperature 5 deg. cent. higher, after cleaning the engine. 

Evidence of ring-sticking is sometimes obtained while the 
engine is on load by piston blowby and drop in power output. 
In such cases the test is stopped and, if necessary, it is re- 
peated at a lower temperature. Occasionally blowby takes 
place, but the rings are found to be free when the engine is 
dismantled. In such cases the blowing is caused by the ring 
gaps coming into line vertically with one another. Generally 
speaking, the J.A.P. engines show no fall in mean effective 
pressure and no appreciable blowby until the top ring has 
stuck for more than one-third of its length. 

The use of a nitrogen-hardened (“nitrided”) steel cylinder 
and of a cast-iron cylinder with chromium-plated bore has 
been found to have no appreciable effect either on the relative 


or absolute ring-sticking temperatures of such lubricating oils 
as have been examined. 


Appendix 2 
Single-Cylinder Norton Air-Cooled Engine 
This engine (Model 30) is produced for racing and high- 


speed motorcycle work. Its dimensions are as follows: 

Bore and stroke, 79 x 100 mm. 

Swept volume, 490 cc. (30 cu. in.). 

Compression ratio, 7.25:1. 

Aluminum-alloy piston with two cast-iron pressure and one 
scraper ring (above gudgeon pin). 

Cylinder, cast iron. 

Cylinder-head, bronze with aluminum-alloy fins. 

Overhead valves and camshaft. 

The general arrangement of the Norton engine on the 
bench as regards braking, temperature control, and so on, is 
similar to that of the J.A.P. engines. 

The lubrication is by the dry-sump system, with a scavenge 
pump returning the oil from the crankcase to an external 
oil reservoir. From the latter the oil is supplied to the engine 
by means of a delivery pump. 


Test Conditions 


Engine speed, 3000 or 3250 r.p.m. 

Load, approximately full throttle with mixture strength 
about ro per cent below that for maximum power (B.m.e.p., 
approximately 125 lb. per sq. in.). 

Rate of delivery of oil by feed pump, approximately 100 
pt. per hr. 

Cylinder-barrel temperature (inlet side), 175 deg. cent. 

The diametral clearance of the piston is adjusted to the 
foliowing: 

Bottom of skirt, 0.005 in. 

Top of skirt, 0.009 in. 

Third land, 0.016 in. 

Second land, 0.022 in. 

Top land, 0.026 in. 

The side clearances of the pressure piston-rings vary from 
0.003 to 0.007 in. according to the length of test, the lower 
clearance giving rise to ring-sticking in 5 hr. on most oils, 
whilst the higher clearances allow of 50 hr. or more of run- 
ning before sticking occurs. 

To avoid detonation a gasoline of 80-85 octane number 
(Motor Method) is used and, to eliminate the possible effect 
of ethyl fluid on ring-sticking, non-leaded fuel is employed. 
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Appendix 3 
Bristol Single-Cylinder Engine 


Tests on used oil 


General Sediment, 

Oil condition percent by weight Sludge 

consump- of Insoluble Ash, in used 
Duration _ tion, engine in Insoluble percent oil, 

of test, pt. per after petroleum in by gm. per 

Oil hr. hr. test ether benzol weight pt. oil 
A 6514 1.4 Very clean 0.74 0.63 0.09 0.14 
B 6514 1.2 Veryclean 1.0 0.16 0.09 0.5 
D 65% 0.95 Dirty 0.84 0.64 0.07 ‘4 
E 6514 1.2 Verydirty 1.0 0.75 0.08 4.1 
F 75 0.85 Clean 0.73 0.55 0.07 1.2 
G 75 0.84 Clean 0.76 0.64 008 24 


The sludge results in the last column were obtained by 
filtration of the used oils through paper and by removing the 
oil-soluble material by extraction with petroleum ether. The 
ash contents also were determined and subtracted from each 
deposit. 

It is evident that the sediment contents of the used oils bear 
little or no relation to the general condition of the engine, or 
to the quantity of sludge removable from the oils by filtration. 
On the other hand, the sludge results give a very fair indica- 
tion of the state of the éngine. 


Reduction of Carburetor Icing 


EATING of the intake air, the most generally used 

method of eliminating carburetor ice, has the serious 
drawback of reducing the effective octane number of the fuel 
used. By this statement I mean that heating of the intake air 
will cause the engine to operate at higher cylinder tempera- 
tures and to detonate at lower power outputs. It will then be 
seen that the application of carburetor heat while operating at 
manifold pressures near the limit for the fuel in use may 
cause overheating and detonation, so that the engine power 
will be impaired seriously. 

This effect of carburetor heat on engine detonation, and the 
loss in maximum power from reduced volumetric efficiency, 
make it desirable to avoid the use of unnecessary heat when 
operating at or near maximum power outputs, and was the 
chief reason for our search for a substitute for continuous 
application of heat to the carburetor. 

Having found that we could tell when we were in or near 
icing conditions, we studied all the factors which would affect 
the rate of icing, and came to the conclusion that adherence 
to the following rules would reduce the tendency to ice in any 
given weather conditions: 

When the atmospheric dew point is above freezing: 

1. Operate at as lean a mixture as is consistent with other 
instructions. (The less fuel evaporated, the less the cooling, 
and, therefore, the less heat needed, when heat is required.) 

2. Maintain full cruising power. (In our tests more icing 
was reported at lower powers with a given dew point.) 

3. Maintain as high a cruising altitude as possible. (Be- 
cause there is less moisture at higher altitudes, and also be- 
cause glides to lower altitudes tend to produce ice.) 

If the above precautions are not sufficient to prevent ice, it is 
necessary to heat the intake air. 

Excerpts from the paper: “Carburetor Icing,’ by Robert 
Sanders, Engineering and Research Corp., presented at the 
National Aeronautic Meeting of the Society, Washington, 
D. C., March 10, 1938. 





Rubber as a Load-Carrying Material 


By F. L. Haushalter 


The B. F. Goodrich Co. 


NTENDED primarily to discuss rubber as a 
load-carrying and structural material, and not 
for suspensions in particular, this paper points out 
why it is best to limit the stresses and strains in 
the rubber structure to definite values when ap- 
plied in this manner. As an aid to this end, atten- 
tion is given to latex, raw rubber, and the structure 
of rubber, theoretical and otherwise. 


The limitations for the proper use of rubber 
are determined by long-time creep or slip in the 
structure which, in turn, is related directly to the 
magnitude of stress and distortion in the material, 
the paper states. Vulcanized rubber is practically 
incompressible, the author explains, and there- 
fore, when properly confined, it can be loaded 
safely to terrific pressures just like any fluid. To 
know how rubber will behave and stand up under 
various conditions of application is not only a mat- 
ter of knowing how to compute the stresses set up 
in the material, but also of knowing something 
about the fatigue resistance of the various com- 
pounds of rubber which might be used, the author 
concludes. 


T was thought in preparing this paper that more tangible 
information than is given ordinarily might be presented 
in order to stimulate still broader applications and wider 

use of rubber by automotive and other engineers. The paper 
is intended primarily to discuss rubber as a load-carrying and 
structural material, and not for suspensions in particular, for 
rubber springs can be used in various combinations, depend- 
ing upon the ingenuity of the inventor. 

When the Frenchman, La Condamine, in 1736, reported 
that he had found natives on the banks of the Amazon wear- 
ing shoes made from a coagulated liquid which came from a 
tree called Hevea, that was the beginning of our knowledge 
of rubber as a load-carrying material. Strange to say, about 
200 years elapsed before man made much use of this material, 
even on the heels of shoes. In comparatively recent years, 
great strides have been made in adapting rubber as supports 
for vehicles, not only as tires, but as engine mountings, spring 
shackles, bumpers, shock absorbers of various kinds, and as 
springs. Although in the modern pneumatic tire the load is 
carried chiefly by the cord structure, the rubber fulfills a very 
important function in holding together this structure, in 
keeping the cords from wearing themselves out by insulating 





[This paper was presented at the Cleveland Section Meeting of the 
Society, Cleveland, Ohio, March 14, 1938.] 
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them one from the other, and in taking the scrubbing action 
of the road surface. 

Why can rubber, being of a vegetable origin, be used as a 
structural material, and what are its limitations? Further- 
more, why is it not possible to raise the veil of mystery which 
seems to surround the physical properties of this material so 
that engineers can know, more definitely and exactly, how to 
use it? This paper is intended to throw some light on these 
questions, and to point out certain indications as to why it is 
best to limit the stresses and strains in the rubber structure to 
definite values when the material is used as a load-carrying 
member. The attention given in the paper to latex and raw 
rubber and to the structure of rubber, theoretical or other- 
wise, is intended only as an aid toward this end. 


Permanent Set or Creep 


By far the most important consideration in the use of rub- 
ber as a load-carrying material is that of permanent set or 
creep. Most limitations of stress and elongation in the rub- 
ber hinge about that single property. The art of bonding 
rubber to metals has been accomplished very well, but we 
are still giving a great deal of thought and attention toward 
improving the resistance of rubber to that property which 
the metallurgists would prefer to call slip, analogous to inter- 
facial slippage between the crystals of a metal. Any theory 
of elasticity of material has to take into consideration slippage 
between crystals, molecules, or parts of a molecule. A fuller 
understanding of the structure of rubber, about which we 
still have a great deal to learn, will lead us closer to the solu- 
tion of the problem of slippage. The wonder is not that 
there is so much slippage, but that there is so little, when one 
considers that as a raw material rubber is one of the very 
few substances which can be stretched 700 per cent or more. 
Some vulcanized rubbers can be stretched even more than 
1000 per cent at ordinary temperatures before breaking. 

The rubber particle in suspension in the watery serum 
taken from the Hevea tree is in constant vibratory movement 
and, in the older trees especially, it is pear-shaped about as 
shown in Fig. 1. The actual size of this particle is about 
0.00011 to 0.00015 in. in diameter. According to Hauser 
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there is a large soft hydrocarbon at the center which has a 
shell of harder hydrocarbon and, on the outside, is an ad- 
sorbed layer of protein. The sap is about 60 per cent water, 
34 per cent rubber, and 6 per cent mineral and acid products. 
Addition of acetic or formic acid to the sap coagulates the 
rubber. Highest grade rubber, as used in most rubber prod- 
ucts designed to support loads other than cellular rubber, is 
smoked sheet, ordinarily made from washing the coagulated 
rubber on ribbed rolls, after which it is laid in water for about 
10 hr. to sweat out the serums, proteins, and water solubles. 
It is then hung in a smoke house for 7-11 days at 110-120 
deg. fahr. The smoke renders the rubber aseptic and counter- 
acts the fermentation of the serum left in the rubber. 

Raw rubber, then, is a closely packed mass of rubber glob- 
ules or hydrocarbons separated by their adsorption film of 
protein, coming together with some precipitated protein and 
other serum substances trapped between the particles during 
coagulation and drying. Kemp showed that, by washing am- 
monia preserved latex by repeated creaming cycles in a centri 
fuge, the final product has a rubber hydrocarbon content ot 
99.5 per cent and showed, after vulcanization, very high 
resistance to water absorption, indicating that nearly all the 
proteins, water solubles, and resins had been removed. 

The molecule of rubber hydrocarbon has the formula 
(C;Hs)x, x varying perhaps from 500 to 3000, with one 
double bond for every C;Hg group. The rubber hydrocarbon 
is unsaturated and, therefore, under proper conditions adds 
to itself such substances as sulfur, oxygen, ozone, hydrogen, 
and bromine. The work of Harries indicates that the rubber 
molecule is a chain of carbon atoms held together by primary 
valences. Purified hydrocarbons of rubber, balata, and gutta 
percha have the same formula, the molecules differing only 
in space relationship of the methyl group CH;. To give 
some idea of how these chain molecules may be formed, in 
Fig. 2 is indicated the possible space relationship of the 
C;Hg molecule to form the rubber chain usually referred to 
as the cis formation, and below that the probable formation, 
called trans, of the balata chain. Each contains the C;Hs 
group as blocked off in the square. Some investigators think 
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Fig. 2— Formation of chain molecules 
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that the rubber molecule is a combination of the two forma 
tions. 

Anyhow, such a difference in space relationship may ex 
plain why raw balata is much stiffer than raw rubber at 
ordinary temperatures, for the melting point of crystallized 
balata is about 30 deg. cent. above that for crystallized rubber. 

It may be interesting to note that synthetic rubber, called 
Neoprene, also known as Duprene, has a formula similar to 
that of natural rubber with the exception that the CH; methy] 
group has been supplanted by chlorine, Cl. 

You may try to imagine how the carbon atoms of the rub 
ber molecule lie in zig-zag linkages of various lengths. On 
stretching, the linkages straighten out, perhaps with free 
rotation at the points of the single bonds. The resistance to 
slippage of the molecule depends on this orientation and on 
the value of the molecular cohesion, as measured by the Van 
der Waals forces. The Van der Waals forces of the methy! 
group of the rubber molecule have a value of only 1780 cal. 
per gm-mole, which is much smaller than that of groups in 
other flexible materials such as cellulose, for example, in 
which the hydroxyl group (—OH) has a molecular cohesion 
value of 7250. Rubber exhibits long-range extensibility; cel 
lulose does not. According to Fisher, precipitated cellulose 
may correspond to an entangled mass of dry fibers, rubber 
to one of oily fibers. When rubber is stretched 100 per cent, 
the recovery at the release of load is considerable, but for 
cellulose it is comparatively small. 

However, when raw rubber is stretched to any degree, the 
recovery is far from being 100 per cent as can be seen in 
Fig. 3. The solid line A-A, is a hysteresis loop for raw rub 
ber. Raw rubber appears to be in a semi-colloidal state. Sulfur 
mixed with rubber mechanically combines with it chemically 
as a solution at the application of heat, and even at room 
temperatures. The change in the rubber is known as vul 
It is not a simple chemical phenomenon, for the 
combination 


canization. 


rate of increases 


with concentration of sulfur 
and, for any initial concentration of sulfur, the rate of com 
bination remains constant until most of the sulfur is 
sumed. 


con 
The rate of combination also is influenced greatly 
by the presence of accelerating substances, acting as catalysts. 


Vulcanization Reduces Creep 

The remarkable thing is that vulcanization very greatly 
reduces the slippage or creep in the molecular structure of 
the rubber. The evidence seems to indicate that bridges of 
sulfur tenaciously join together the molecular structure with 
an attending stiffening action. The sulfur reinforcing bridges, 
together with the probability that sulfur adds to the hydro 
carbon with a loss of unsaturation equivalent to one double 
bond for each sulfur atom, very possibly accounts for the 
difference in the stress-strain curves up to 500 per cent stretch 
shown in Fig. 3. The solid line A-A, is for the first stretch 
of raw rubber and B-B,, the second stretch. 
vulcanized rubber. 


Curve C is tor 
Please note that the stress in the raw rub 
ber is only 85 lb. per sq. in. where the curve bends off; for 
the vulcanized rubber, the curve is still rising at 450 lb. per 
sq. in. The excessive hysteresis loss, as indicated by the area 
between the rising and return curves in stretching raw rub 
ber, is an indication of the slippage that has taken place in 
the rubber structure. The permanent set, as measured along 
the horizontal axis, tells why unvulcanized rubber should 
not be used as a load-carrying material where any kind of 
alignment must be maintained. 

Vulcanization, then, may be looked upon as an establish 
ment of cross-bonds between long-chain-fiber molecules, both 
chemical and mechanical in nature, together with sulfur 
bridges persisting over a wide variety of conditions. Chemical 
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Fig. 3 — Hysteresis 


bonds come from joining adjacent molecules trom carbon to 
carbon or through a third atom like sulfur, whereas mechan- 
ical cross-bonds come from changes in the shapes of the mole- 
cules, thereby producing greater mechanical entanglement. Ac 
cording to Garvey, there is a great possibility that mechanical 
cross-bonds shift with changes in shape of the molecules due 
to molecular motion, an energy or thermal relation and, in 
rubber of very low permanent set or creep, it is possible that 
new mechanical cross-bonds are established at about the same 
rate as the old ones disappear. 

When rubber, either raw or vulcanized, is stretched quickly, 
it becomes warm. Gough first observed this phenomenon. 
Joule later confirmed it and noted that, at 300 per cent elonga 


tion of raw rubber, there was a temperature rise of 
cent. 


4 deg. 
This phenomenon is now generally known as the 
Joule effect. Later authors found that raw rubber became 
warm when stretched small amounts and that the heat gen 
erated increased sharply above 7o per cent extension. Please 
note: the heat generated increased sharply above 70 per cent 
elongation. The mechanical work done on the rubber when 
it is stretched is only a small per cent of the total latent heat. 
Hence, the Joule heat is something more than friction; it 
may be potential energy, stored by strain of an assemblage 
of oriented single molecules and, when the rubber is stretched, 
there is an evolution of thermal energy corresponding to a 
heat of crystallization. 

Furthermore, X-ray diagrams of stretched raw rubber show 
an amorphous ring at an elongation of 75-80 per cent when 
tested at room temperature and, in vulcanized rubber, at 200 
300 per cent elongation, indicating oriented crystal elements 
ina fiber. A large number of crystals apparently take part 
in the refraction, and it is very probable that these crystals 
start at elongations much below 75 per cent stretch in raw 
rubber, due to the inability of the X-ray to detect them 
sooner. Smith, of the Bureau of Standards, successfully se 
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cured crystals of the hydrocarbon which constitute 95 per 
cent of raw rubber. Crystals were obtained of both the sol 
uble insoluble fractions of purified rubber - 
composed ol 


and spherical 


clusters needles radiating from a_ center. 
Stretched rubber lowered to the temperature of liquid air can 
be shattered with a hammer, and the fibers appear in parallel 
bundles extending in the direction of stretch. 

There is every indication that there is a tight packing of 
the rubber molecule as the rubber is stretehed, for there is a 
slight increase in density. There is a very appreciable in 
crease in surface hardness. Vulcanized pure gum starts to 
increase in hardness around 50 lb. per sq. in. stress. The 
change in durometer hardness as the stretching progresses is 
really amazing, as a study of Fig. 4 will show. 


line shows the change of hardness with stress. 


The dotted 
Strange to 
say, this closing up of the structure greatly reduces its sus 
ceptibility to attack from oxygen, its deadly enemy. Fig. 4 
also shows that the greatest vulnerability of rubber by ozone 
is just prior to the point of increase in hardness; the effect 
then rapidly diminishes as the orientation of the fibrous struc 
ture takes place. It also may be of interest to note that the 
susceptibility of vulcanized pure gum to tearing is greatest 
from 50 to 200 per cent elongation. Fig. 4 also shows a 
typical stress-strain curve of vulcanized pure gum in tension. 
If we determine the modulus of elasticity from this curve we 
find it close to 150 lb. per sq. in. up to 50 per cent stretch, 
compared to 30,000,000 for steel. Observe, however, that 
from 50 per cent stretch on up, we have a new value of 
modulus of elasticity nearly every step of the way; from about 
150 to 250 per cent stretch, the modulus drops to approxi- 
mately 60 |b. per sq. in., and then starts to increase again. 
From o to 500 per cent stretch the durometer hardness in- 
creases from 38 to 85. Even a stock with 25 per cent carbon 
black in it increases in hardness from 55 to go in this range 
of elongation, the increase in hardness starting at approxi 
mately 8o lb. per sq. in. stress. 


Stress Limitation Necessary 


You can begin to see from the foregoing, tedious though it 
has been, why we must limit the normal working stress in 
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Fig. 4—Change in hardness with stress 
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Fig. 5—Creep in flat-plate type spring 


rubber when it is used in tension, torsion and shear, to about 
40 to 70 lb. per sq. in. of cross-section, depending upon con- 
ditions and upon the hardness of rubber used, and that the 
strain should be limited to about 70 to 80 per cent. Creep 
tests over long periods of time on all types of vulcanizates of 
rubber, and on various types of torsion and shear-type springs, 
confirm this conclusion. It applies, of course, only to articles 
in which the rubber is the load-supporting medium and 
where it is important to maintain alignment of the supported 
member. Fig. 5 shows a typical long-time creep test on a 
shear-type rubber spring in which the rubber is bonded 
securely to 10 x 5-in. flat steel plates. The rubber was 
stressed 50 lb. per sq. in. of shear area; the initial deflection 
under the load was 1 in. Creep plotted against time in days 
on log-log paper indicates a diminishing rate of creep. The 
creep in this particular test amounted to 1/10 in. in about 3 
years. From a curve of this type it is possible to predict how 
much creep will exist in a spring of a definite compound at 
the end of a definite time when loaded under specified con- 
ditions. Such tests also can be conducted under vibratory 
conditions, and we find by so doing that the rate of creep 
increases slightly over that with non-vibratory conditions. 
Temperature in such tests must be held very constant or 
else the variables due to Joule effect and expansion of the 
rubber make the results difficult to analyze. 

To show the effect of catalytic acceleration on the resistance 
of the rubber molecule to creep or slip, perhaps due to dif- 
ferences in the tie-in of the sulfur bridges, please note in Fig. 
6 the creep-time curves of two compounds tested under the 
same conditions, the compounds being of exactly the same 
recipe except for change of accelerator of vulcanization. 

Preloading of a rubber spring before being put into ser- 
vice will remove much of the initial creep, but accelerated 
creep tests seem to indicate that, when this is done, the period 
of rest between the time the spring was loaded and the time 
it was put into service brings about a recovery of most of this 
creep. In other words, accelerated creep tests indicate that 
two springs, one preloaded to remove initial creep then re- 
leased, and the other not preloaded, eventually will reach 
approximately the same level under the same conditions of 
service. 

Rubber is by no means the only structural material which 
gives evidence of creep or slip. Fatigue tests on steels in- 
dicate definite interfacial slippage in the structure, although 
to a much less extent. The work of two Russians, Wolfson 
and Borzdika, recently published, shows the same type of 
creep curve for stainless steel at high temperatures as rubber 
shows at room temperature, as indicated in Fig. 7. The creep 


is very rapid at first and then drops off at a diminishing rate, 

The characteristics of a spring of the flat-plate type, as 
shown in Fig. 5, can be determined accurately from the 
formula: 


WxT 
 AxG 

where d = deflection, in. 

T = thickness of rubber of 1 sandwich, 
in. 

W = load applied in vertical shear, |b. 

A = area of two flat plates, sq. in. 

G = modulus of elasticity in shear or 
modulus of rigidity, lb. per sq. in. 

The modulus of elasticity of rubber in shear is about 1/3 
that of rubber in tension. Fig. 8 shows the relation of the 
modulus of elasticity in shear to the durometer hardness. If 
we desire a spring to deflect 1 in. under 50 lb. per sq. in. 
normal load then, for a thickness of rubber equal to the de- 
flection, G will be 50. A G of 50 means a rubber of durometer 
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Fig. 6— Results of creep tests 


37, which is the very softest we would think of using for 
springs of this type at the present stage of compound develop 
ment, since the durometer hardness of pure gum and sulfur 
is 38 to 40. A 4 50 gives a factor of safety of at least 4 
on the bond of rubber to brass-plated steel. Under a deflec- 
tion equal to the thickness, a straight horizontal strand of 


rubber will be stretched about \/2 — 1 or 41 per cent. 
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Fig. 7—Creep in rubber and steel 
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Fig. 8 — Relation of shear modulus to hardness 


If we wish to go to a round spring in order to obtain 
lateral stability in all planes, we design a spring as shown in 
Fig. 9. Any number of single-stage springs can be made by 
bonding the rubber to a central steel tube and to an outer 
split-steel shell made in two halves. By curing these single 
stages in a horizontal position in a mold, full mold pressure 
is obtained on the bonded area during vulcanization because 
of the split outer shell. The split shell also permits shrinkage 
to take place in the rubber during the cooling process. By 
making the mold so that the vertical diameter is a little 
greater than the horizontal diameter, we can not only allow 
for shrinkage, but for a definite amount of compression when 
the unit is pressed into the inside tube of the next larger 
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Fig. 9 — Round-type rubber spring 
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stage of the spring, or into the receptacle 


, it only 
stage spring is required. 


a single- 


If we figure the he the smallest bonded area of a round 


spring of this type, it will not be the true limiting stress in 
the rubber section, for the mean effective area is a distance 





1.0 
~ Loaded 62 hr. 
09 r -at 5000 Lb 
| ates | 
08 4 + 4 4. 


70015 In per 100Lb.\4.0 


0.7 _ eee : —3.5 
fi 2nd Cutout 


06 } { a Vi +———+ } 3.0 


Jin 











c — -Stage--\, (A 1st. Cutout 
O Vprirn 
= 0S}—y——) ifi—_t t——12§ ¢ 
© /j<--+.---Three- Sone c 
= on Us mee os 
O if © 
7 G 
03 $——— tt ISS 
| | | 
0.1 i | | = } 05 
0 | 0 
0 1000 2000 3000 4000 
0 2000 4000 6000 8000 
Load, |b 


Fig. 10—Load-deflection curves for single-stage and three- 
stage rubber springs 


away from the bonded areas. A formula which holds rea- 
sonably close for the round spring is: 





W 
= — log.her; —log.h 
2G (— ar} —)¢ — 6 i") 


where d = deflection, in. 
W = load, lb. 
hy = height of bonded area on inside tube, in. 
ho = height of bonded area on outside tube, in. 
r, = radius of bonded area on inside tube, in. 
re = radius of bonded area on outside tube, in. 
G = modulus of elasticity in shear. 


In the single-stage spring shown in Fig. 9, where the wall 
thickness of rubber is 1 in. and the maximum working de- 
flection 1 in., for a mean stress in the rubber of 50 lb. per 
sq. in., the stress at the bonded area is 65 lb. per sq. in. for 
a rubber of durometer 33. As the ratio of inside diameter to 
outside diameter of the rubber diminishes, the mean stress 


in the rubber approaches the stress at the smallest bonded 
area. 


Advantages of Round Spring 


One great advantage of the round stage-type spring is that 
rubber of various hardnesses can be used in the different 
stages. Also, by taking advantage of the flanges on the out- 
side split shell of each stage, we can use an umbrella cap on 
the spring so that, when overloads are encountered, the first 
stage, or any succeeding stage, is cut out completely at a pre- 
determined deflection or stress. A variety of spring charac- 
teristics can be obtained thereby, a couple of which are shown 
in Fig. ro. 


In consulting Fig. 10, the lower curve is for a three-stage 
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Fig. 11 —Three-stage spring 


round spring in which the first section is cut out at 2000 lb., 


, and the second at 2500 lb. In loading up to 3500 lb. and 


returning to zero, we find that the hysteresis in the rubber, 
as shown in the area between the two curves, is a small per- 
centage of the total work done by the spring. The rubber, 
being of a pure gum vulcanizate, has little hysteresis, although 
even that small amount, in many cases, is beneficial for 
damping. As explained before, to obtain compounds with 
as low a set as possible, we must use compounds which de 
velop the smallest amount of internal heat. Rubber with a 
low creep value arid a high hysteresis loss has not yet been 
found, neither has such a rubber been made synthetically. It 
would be fine if we did have such a material for certain jobs, 
but it is a wish inconsistent with any theory of elasticity. One 
cannot have his cake and eat it too. 

You will find in Fig. ro a curve on a single-stage spring 
designed to carry a load of 5000 lb. at 0.8-in. deflection. The 
spring was loaded and then allowed to set under 5000 |b. 
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Fig. 12—Torsion spring 


for 62 hr. Under this load the creep was 1/32 in. After 62 
hr. the spring was loaded up to 1.0-in. deflection and then 
back to zero. The interesting thing about these curves is 
that the last curve is very nearly parallel to the first loading 
curve. This is a very desirable characteristic since what we 
chiefly were interested in here was to design a spring with a 
constant rate, the rate being very close to 1/64 in. per 100 |b., 
tor isolation against vibration of a specified frequency. 

Fig. r1 shows a three-stage spring previously reterred to 
with the umbrella cap at the top for cutting out the first and 
second sections at predetermined loads. Springs of this gen 
eral type are in use on the trucks of the Silent Street Car, 
known as the P.C.C. car. 


Constant-Rate Characteristic 

We find that the characteristic of a fairly constant rate is 
not only true for the vertical type of shear spring but tor the 
torsion spring as well. If we take the round spring with the 
split outer shell and turn it on its side, we can make a rubber 
torsion bushing as shown in Fig. 12. By pressing a lever on 
the inside steel tube we can form a torsion spring by the 
rubber winding up and unwinding. Here again, the split 
shell construction allows full pressure during cure, shrinkage 
after cure, and radial compression to be placed in the rubber 
when pressed into a container. It has been found that such 
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Fig. 13—Typical loading characteristic for torsion spring of 
Fig. 12 


compression is highly desirable in withstanding fatigue. The 
special shaped end contour is designed to taper off the stress 
in the rubber at the bonded areas so as to counteract any 
tendency for the rubber to separate at the metals. Torsion 
springs of this type can be designed very accurately by the 


formula: 
Po Wi a ( 1 2 >) 
4rbG r;? 1? 

where W/ = torque, in-lb. 

d = deflection in radians. 

b = effective length of rubber, in. 

r, = radius of inside bonded area of rubber, in. 

re radius of outside bonded area of rubber, in. 

G modulus of elasticity in torsion, lb. per sq. in. 


The percentage stretch in the rubber can be determined 
quite accurately by assuming that a strand of rubber aé is 
stretched to ac when the spring moves through an angle 9. 
Knowing the diameters, the distance ac is that under the 

ac —ab 
radical. The percentage stretch is ap * 100 


Fig. 13 shows a typical loading characteristic for the tor 
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Fig. 14-— Modified Macbeth torsion spring 


sion spring of Fig. 12 for an angular movement up to 45 
deg. With a 1o-in. lever arm on this torsion bushing, and 
with the arm in the horizontal position at 25 deg. movement 
in the rubber, the spring rate is 247 in-lb. per deg. Dividing 
this value by the inside radius of the rubber and multiplying 
by the length of the lever arm gives a load of 560 lb. sup- 
ported at the end of the lever. When the arm moves ro deg. 
up from the horizontal, the foreshortening of the arm in- 
creases the rate to approximately 300 in-lb. per deg. If we 
used a 6-in. lever arm and expected to get the same movement 
at the end of the lever as before, we should have to move 
through 17 deg. above the horizontal, in which position the 
foreshortening of the lever arm would increase the spring 
rate to about 350 in-lb. per deg. One great advantage of 
this type of spring is that it forms its own bearing when 
made of proper length, thereby affording complete rubber 
insulation. End movement of the shaft can be determined 
accurately by the formula for the round spring previously 
given. 


Macbeth Torsion Spring 
In England, Colin Macbeth has been doing a considerable 
amount of work on the type of rubber torsion spring shown 
in Fig. 14. The rubber is vulcanized securely to two dished 
steel discs to form a truncated section. The metals are rounded 
off at the inner and outer peripheries to relieve concentration 
of stress at an edge of the metal. Such a spring can be cal 

culated quite accurately from the formula: 


2WIiT 
0 = 
Girt — 1:4) 

where © deflection in radians. 

Wil = torque, in-lb. 

T = mean thickness of rubber, in. 

ry inside radius of rubber, in. 

ro outside radius of rubber, in. 

G modulus of elasticity in torsion, lb. per sq. in. 


The disadvantage of this type of spring is in the fact that 
metal bearings have to be used to prevent cocking, setting up 
a metallic circuit, and adding to its cost. 

Although Mr. Macbeth claims high damping for this type 
of spring, he undoubtedly obtains it by using rubber loaded 
with pigments, which greatly stiffen the rubber, for other 
wise he never could obtain very much hysteresis loss. It 
seems reasonable to suppose that, when a compound of rub- 
ber with a considerable amount of carbon black in it is 
elongated, the strain must take place mainly in the rubber, 


the carbon particles remaining rigid. It follows then that, 
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if two samples, one of rubber, and the other of a mixture of 
rubber and carbon black, be each stretched x per cent, as 
there is less rubber in the compounded sample, the actual 
strain in the rubber of this sample must be greater than x 
per cent. It brings us back to the same problem as stated 
before, the choice of using a rubber compound which gives 
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Fig. 15 —Spencer-Moulton auxiliary railroad truck spring 
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Fig. 16—Spencer-Moulton draft gear 
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high damping combined with high creep, or one which gives 
low damping combined with low creep. 

Furthermore, for a damping curve obtained by a laboratory 
static test, the rate of load application is very much slower 
than would obtain in actual service. The work of Bouasse 
definitely indicated that hysteresis loss diminishes with the 
speed of application. A test on a gum-sulfur vulcanizate 
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Fig. 17 - Compression loading curve for stack of seven rubber 
discs 


showed a drop of 50 per cent in the area of the hysteresis loop 
up to 500 per cent stretch when the rate of loading increased 
fifteen times. We know too that, as rubber is warmed up 
from repeated flexing, the hysteresis loss also diminishes. 

Rubber does not necessarily have to be used in shear or 
torsion as a load-carrying medium. It has been used much 
longer in compression in such a capacity. Rubber springs in 
the form of stacks of rubber discs separated by steel washers, 
as shown in Fig. 15, have been in use on railroad trucks in 
Great Britain for the past 40 years in what is known as the 
Spencer-Moulton springs. Such discs were incorporated in 
auxiliary springs used at the ends of leaf springs in railroad 
trucks, as buffer springs between the cars, and in draft gears 
as shown in Fig. 16. It may be of interest to know that the 
adoption of this draft gear, in modified form, was just ac- 
complished in 1937 on some American streamlined trains, 
among which is the Mercury. 


Rubber Compression Discs 


A stack of compression rubber discs can be designed to 
give straight-line loading up to 18 to 20 per cent compression, 
which is the recommended limit for compression springs due 
to permanent set in the rubber. Fig. 17 shows a loading curve 
of 7 rubber discs 3% in. outside diameter, 15/16 in. inside 
diameter, % in. thick, separated by steel washers. The line 
is almost straight up to 0.8-in. deflection or 18 per cent. By 
using bell-crank levers with such a type of spring, the o.8-in. 
deflection can be multiplied by an amount equal to the length 
of the lever. Leon Laisne, a few years ago, built cars in 
France with such a spring. 

Even hollow rubber cylinders can be used as springs where 
both lateral and vertical deflections are required. A roll- 
grinding machine weighing 500,000 lb. was supported on 600 
rubber cylinders each 4 in. high, and deflecting 0.6 in. with 
practically a straight-line characteristic. The machine was 
thus supported so that it could move laterally under shocks 
generated by switching freight cars in the yard near the 
plant. 
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Compression rubber springs also can be computed with a 
considerable amount of accuracy. In Fig. 18, I have shown 
seven different figures which can be used as load-carrying 
members in compression as columns. We have short hollow 
cylinders and long hollow cylinders. We have rubber discs 
separated by steel discs, as well as a solid-rubber cylinder 
bonded to two metal plates. One example shows three con 
centric rings of rubber with a steel plate in the center of the 
section as a guide medium similar to the Spencer-Moulton 
compression units. The hardness of rubber in these seven 
items varies from 33 to 71 durometer, and the load charac 
teristic of each is very close to a straight line, up to at least 
15 per cent deflection. If we compute the modulus of elas- 
ticity within this range, in each case, we find it is 6.5 times 
the modulus of elasticity in shear, the maximum variation 
from the mean of the seven values being only 8.8 per cent. 
If the top and bottom surfaces of the rubber were thoroughly 
lubricated, the value of 6.5 would perhaps drop to about 3, 
but unfortunately we have no way of maintaining thorough 
lubrication on such surfaces without damaging the rubber. 
Furthermore, such lubrication would greatly add to lateral 
instability. 


Conclusion 
The foregoing gives some idea of what can be done with 


rubber as a load-carrying material. The limitations for its 
proper use are determined by long-time creep or slip in the 


Durometer, 71 


Durometer, 66 





Durometer, 33 


Li fifi 









Durometer, 54 
t 
Durometer, 57 


Fig. 18 — Rubber in compression 


structure which, in turn, is related directly to the magnitude 
of stress and distortion in the material. Vulcanized rubber is 
practically incompressible, and therefore, when properly con- 
fined, can be loaded safely to terrific pressures, just like any 
fluid. To know how it will behave and stand up under 
various conditions of application is not only a matter of know 
ing how to compute the stresses set up in the material, but 
to know something about the fatigue resistance of the various 
compounds of rubber which might be used. 

Experience goes a long way in working out details which 
may make the difference between success and failure of a 
particular application. 











Some Developments Relative to 
Crankcase-O1l Filtration 


By A. T. McDonald 


Petroleum Research Engineer, Caterpillar Tractor Co. 


ATA are presented to show that compounded 
lubricants for use in the lubrication of high- 
speed Diesel engines have come to be regarded as 
indispensable, and to demonstrate their influence 
in high-temperature operation on engine deposits, 
oil deterioration, and strength and corrosion of 
bearing metals. 


The author divides filters into two general 
classes: the adsorbent type and the absorbent type. 
Adsorbent filters, the paper explains, incorporate 
in their composition Fuller’s earth, charcoal, or 
other adsorbent materials and attempt to incor- 
porate features which have as their object the re- 
fining of oil. Tests are described, the results of 
which lead the author to the conclusion that such 
filters remove addition agents used in compound- 
ing Diesel engine lubricants to a surprising degree 
and, therefore, are detrimental in such applica- 
tions. 


Test results on the absorbent-type filter —those 
that utilize as their filtering medium cotton fiber, 
yarn, waste or other materials of this nature —are 
discussed. It is pointed out that this type of filter 
will remove materials of considerably smaller par- 
ticle magnitude than will the positive-type filter. 


HE rapid development of, and the steadily increasing 
ae aisent for higher output engines in the past few years 

have resulted in the development of special-purpose 
lubricants to an extent that would have appeared impossible 
a comparatively short time ago. This statement applies par- 
ticularly to oils processed especially for the lubrication of 
aircraft and Diesel engines. 

The advent of the high-speed Diesel engine and its rapid 
acceptance as a dependable and economic source of power 
for both mobile and stationary heavy-duty work, resulted in 
the discovery that lubricating oils which had been found to 
be entirely satisfactory for lubricating the lower-compression 
engines were not capable of fulfilling the demands placed 
upon them by the high-speed Diesel engine, the operation of 
which involved much higher pressures and leaner air-fuel 
ratios. The first thought as a remedy for this condition was 





[This paper was presented at the Northern California Section Meeting 
of the Society, San Francisco, Calif., April 12, 1938. 
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that of treating the lubricants to a higher degree of purifica 
tion, which treatment resulted in increased difficulties. In- 
vestigation of this phenomenon disclosed that all lubricants 
contained, in varying percentages, certain natural oiliness 
compounds and oxidation inhibitors which were removed by 
excessive treatment. (An example of this action is that of 
white or medicinal oils that are manufactured from lubricat- 
ing stock and treated to the highest degree of purification 
but are of practically no value as lubricants.) It soon became 
evident that, with the best selected stock and the highest 
degree of refining compatible with the retention of the great- 
est possible quantity of the natural aids to lubrication inherent 
in the oil, the lubricant still fell short of the requirements for 
satisfactory lubrication of this type of engine in broad-range 
load and speed operations. 

It seemed the part of sound reasoning, then, to assume that 
straight hydrocarbon lubricants were being called upon to 
fulfill requirements that were beyond their limits of stability 
and oiliness. 

The many investigations conducted both cooperatively and 
individually by members of the oil industry and by engine 
manufacturers which resulted in the development of suitable 
additives to increase film strength or oiliness and to reduce 
oxidation of lubricants have no place in this paper; it suffices 
to say that compounded lubricants for use in the lubrication 
of high-speed Diesel engines, once considered in the light of 
an intermediate development, have come to be regarded even 
by their most severe critics as omy ayaa The reason for 
this condition is illustrated clearly in Fig. 1 A represents a 
piston out of a Caterpillar Diesel engine after 375 hr. oper- 
ation on a straight mineral oil. B represents 2000 be operation 
in the same engine under identical conditions of operation 
using the same oil plus 1.0 per cent of an additive commonly 
used in the manufacture of Diesel-engine lubricants. With 
the straight mineral oil, failure by high blowby was encoun- 
tered after 375 hr. operation. In the case of the compounded 
oil, after 2000 hr. of operation, no indication of failure was 
evident. This example, in our opinion, represents an average 
comparison of the merits of the two types of lubricants when 
used in this type of engine and is borne out by the results of 
many hundreds of inspections of units operating in the field 
under service conditions. The development of these lubri- 
cants probably has been the most important single item con- 
tributing to the present-day successful lubrication of high- 
speed Diesel engines, the others being improved design and 
more precise manufacturing methods. The influence of high- 
temperature operation on engine deposits and oil deterioration 
has been found to be of extreme importance, not only because 
of the quantity of deposits found but because of their nature 
and the particular areas in which they are formed — 


particu- 
larly with respect to ring-sticking. 
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Fig. | — Piston from a Caterpillar Diesel engine after 375 hr. 

of operation on a straight mineral oil (4) compared with 

piston operated for 2009 hr. in the same engine under 
identical conditions using compounded lubricant (B) 


The hard, lustrous and highly insoluble deposition found 
invariably on the piston skirt and in the ring-belt area when 
ring-sticking is encountered is never found to be present in 
the crankcase oil. This result has led to the conviction that 
these “lacquers” are formed only when the oil is subjected to 
sufficient temperature (approximately 400 deg. fahr.) in a 
thin film on the metal surface. Laboratory experiments show 
that these materials can be reproduced by heating oil in a thin 
film on a steel plate at 400 deg. fahr. for 30 min., whereas 
heating the oil in a body results in no formation of this 
material, even at temperatures as high as 600 deg. fahr. 

With respect to bearing lubrication, the greatest factor con 
tributing to bearing failures is excessive temperature due 
either to insufficient circulation of the lubricant or excessive 
film temperature. A bearing metal’s ultimate strength is 
governed largely by the temperature at which it operates for, 
regardless of the strength built into it at the time of its manu- 
facture, for every degree rise in temperature, there is a reduc- 
tion in strength of the bearing metal. Fig. 2 illustrates this 
structural change and consequent loss of strength with four 
different compositions of babbitt over a range of temperature 
from 77 deg. fahr. to 279 deg. fahr. 

Higher pressures have been held largely responsible for 
bearing failure in the past, but experimentation along these 
lines seems to indicate that the product of pressure times 
temperature is the pertinent consideration. For example, loads 
up to 8000 lb. per sq. in. applied on babbitt bearings at 





Table 1— Comparative Corrosion — Babbitt Metal and 
Cadmium-Silver as a Function of Temperature 


Cadmium-Silver Weight Loss, mg. 


Temperature, 
deg. fahr. Oil A Oil B Oil C Oil D 
209 0.0 0.0 0.2 0.0 
240 0.2 37.0 1.3 7.2 
270 0.6 50.3 3.7 9.6 
300 0.6 27.7 22.0 33.1 
330 0.6 30.3 21.0 31.7 
360 2.2 9.9 20.6 12.4 
Babbitt Weight Loss, mg. 
209 0.0 0.0 0.3 0.3 
240 0.8 0.3 2.1 0.6 
270 05 0.6 10.5 0.9 
300 1.9 17.1 68.5 7.7 
330 5.0 26.8 72.6 8.5 
360 17.9 71.8 107.3 26.6 


temperatures below 150 deg. fahr. were insuflicient to cause 
the typical cracking or checking of babbitt so evident when 
failure is encountered. The load was sufficient to cause the 
babbitt to squeeze out or flow but not to crack. However, 
under conditions of temperature, say 300 deg. fahr., the same 
type of babbitt was cracked without the application of any 
pressure. In Diesel bearings the temperature factor is there 
fore of the greater significance. 

Another evil that excessive temperatures are responsible for 
is that of bearing corrosion. This is distinctly a function of 
temperature and can be reduced to a remarkable extent by 
controlling crankcase temperatures. 

Table 1 shows the results of corrosion tests on four different 
lubricants at temperatures ranging from 209 deg. fahr. to 360 
deg. fahr., using both babbitt bearings and cadmium-silver 
bearings. It is evident from the foregoing that below a cer 
tain temperature, 210 deg. fahr., the corrosive tendency of 
lubricants is negligible and only becomes pronounced as the 
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Fig. 2— Decrease in ultimate strength of bearing alloys with 
increase in temperatures 


temperature increases. The results given in Table 1 represent 
tests where the bearing metal is exposed under controlled 
conditions of temperature for 60 hr. 

Crankease-Oil Filtration 

There seems to be considerable need for clarification of 
ideas pertaining to the functions that a lubricating-oil filter 
should perform. It is agreed generally that the old idea that 
“oils never wear out” is not justified by the facts, for chemi 
cal decomposition occurs to some extent in all crankcase 
lubricants. This decomposition cannot be eliminated or even 
reduced by filtering the lubricant after the reaction has 
occurred. 

Therefore, the prime function of a lubricating-oil filter is 
the removal of solids from crankcase oils which result from 
normal wear in service or from outside sources of contamina 
tion (breathers and air supply). 

The claims for the many devices offered by filter manufac 
turers seem to have given the impression that all troubles 
encountered in the lubrication of an engine can be eliminated 
by the use of their particular type of filter. As it would not 
be advisable to discuss the relative merits of the various makes 
of filters, for the purpose of this paper, filters may be divided 
into two general classes, the adsorbent-type filter and the 
absorbent-type. 


Adsorbent-Type Filters 


Adsorbent-type filters are those filters which have incorpo 
rated in their composition Fuller’s earth, charcoal, or other 
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adsorbent materials. —The use of these materials constitutes an 
attempt to incorporate into lubricating-oil filters certain fea 
tures which have as their object the refining of oil. As 
pointed out in the foregoing, the refining of lubricants is 
regulated very carefully by the oil manufacturers to obtain 
the optimum in balance between purification and the reten 
tion of all possible aids to lubrication naturally inherent in 
the oil. Therefore, granting that the refining medium con 
tained by this type of filter is efficient enough to accomplish 
something further in the way of refining, it would, in all 
probability, result in detrimental rather than beneficial results. 

Addition agents used in compounding Diesel-engine lubri- 
cants, which have been found to be so essential to the proper 
lubrication of Diesel engines, are removed by this type of 
filter to a surprising degree as long as the filter remains active 
from an adsorptive standpoint, after which the filter function 
is purely mechanical. 

The apparatus used in the determination from which this 
conclusion was drawn forms a small circulating system con 
sisting of a tank, motor-driven pump, immersion heater, by 
pass valve, pressure gage, and thermostatic control, together: 
with a suitable bracket for retaining the filter in place. 

The new oil is circulated from the tank through the filter 
and back to the tank under identical conditions of pressur 
and temperature as those encountered in an engine. Chemical 
analysis of the oil is made every 8 hr. during each 24-hr. 
cycle, when the oil is drained and the procedure repeated 
until the oil shows no loss of compound when circulated for 
24 hr. The curves in Fig. 3 illustrate the efficiency of this 
type of filter in removing metallic soaps from petroleum 
products. Cycles 1 and 2 show practically complete removal 
of the compound. From this point, each succeeding 24-hr. 
cycle shows a reduction in efficiency in this respect until, at 
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Fig. 3-— Per cent metal soap removed as a function of hours of 
operation using Diesel-engine oil in laboratory circulating 
system 
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Fig. 4— Per cent metal soap removed as a function of hours of 
operation —test run on three-cylinder Diesel engine using 
Diesel-engine oil 


the eighth cycle, the analysis shows that practically none ol 
the compound has been removed. This constitutes a com 
plete saturation of the filter material at 192 hr. total operating 
time. This period is sufficient for some types of basic mineral 
oils to bring about ring-sticking under certain operating 
conditions. 

A filter was installed on an engine with auxiliary filters of 
highly efficient design mounted between the test unit and the 
engine for the purpose of trapping any material which might 
be released by the test unit. Analyses of the material obtained 
in this manner revealed the presence of Fuller’s earth and 
glass wool in appreciable quantities though the particle mag- 
nitude was not great. The quantity of material released in- 
creases as the filter approaches its saturation point. The result 
of the introduction of this material (highly abrasive in char- 
acter) into a lubricating system, we believe is obvious and 
needs no explanation here. The removal of addition agents 
in engine tests serves only to substantiate the results obtained 
in the circulating unit and as an indication that this same 
removal of compound occurs under service conditions. The 
curves shown in Fig. 4 illustrate the degree of this removal. 
If, during the operation of an engine equipped with this type 
of filter, it becomes necessary to change oil, the material that 
has been absorbed by the filter is washed out very successfully 
by the clean oil —the result, a saturated filter from an adsorp- 
tive or chemical standpoint and, in some cases, one that is 
disintegrated partially and a crankcase full of contami 
nated oil. 

Claims that acid in crankcase oils is eliminated or reduced 
materially by the use of adsorbent filters seem to be justified 
only by the fact that the filtering medium is made up of 
adsorbent material that will reduce acidity to an extent de- 
pending entirely upon the degree of its activity and its life. 
One factor that has been wholly disregarded in this respect, 
however, has been that the quantity of adsorbent material 
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Table 2— Comparative Analysis of Compounded Oil 
Without Filter With Filter 


Gravity, A.P.1. at 60 deg. fahr. 19.7 19.7 
Viscosity, S.U. at 100 deg fahr. 728 683 
Viscosity, S.U. at 130 deg. fahr. 265 246 
Viscosity, S.U. at 210 deg. fahr. 61 59 
KOH Absorption, mg. per gm. 1.0 1.75 
Ash, per cent 0.08 0.10 
Insoluble Material, per cent 2.0 0.75 





used in the manufacture of these filters is entirely inadequate 
to remove acid from any one crankcase filling of oil. 
Consideration of the fact that, with a crankcase capacity of 
5 gal., a flow rate of approximately 1 gal. per min., using a 
filter containing 10 lb. of adsorbent clay, the treating rate 
would be approximately 10 lb. of clay per 6000 gal. of oil 
over a period of 100 hr. operation. At this rate of treatment, 
it is obviously impossible to have any great effect on the acid 
or acid-forming constituents during the lubrication process. 


Absorbent-Type Filters 


The absorbent-type filters are those filters which utilize as 
their filtering medium cotton fiber, yarn, waste, or other 
materials of this nature. These filters are all of the bypass 
type and, on an average, filter approximately 10 per cent of 
the crankcase contents during any one cycle. 

This feature, a necessary one from the standpoint of insur- 
ance of oil supply to the bearings at all times, also results in 
increased life of the filter pack. However, consideration 
should be given to the fact that, in filtering ro per cent of 
the crankcase contents, go per cent being bypassed, the filter 
only has the opportunity to absorb those materials which are 
contained in the 10 per cent of the lubricant that passes 
through the filter medium proper. In using a filter of this 
type, one is simply hoping that a// of the injurious materials 
which might happen to be present in the lubricant will be 
contained in that portion of the crankcase contents that 
happens to pass through the filter and thereby be removed. 

A study of experiments conducted on four-cylinder 534-in. 
bore Caterpillar Diesel engines, one equipped with a com- 
mercial pack-type filter, the other operating without this 
accessory, revealed that no material improvement in perform- 
ance or in the general overall appearance of the reciprocating 
parts or of the connecting-rod bearings, was accomplished by 





Fig. 5— Comparison of two representative pistons run in a 
Diesel engine — A with the pack filter and B without the pack 
filter, using a straight mineral oil 
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the use of the absorbent filter over an operating period of 
500 hr. The interior of the crankcase, however, appeared to 
be considerably cleaner in the case of the engine using the 
filter than in the engine not so equipped. Fig. 5 is a com- 
parison of two representative pistons from this test, 4 with 
the pack filter and B without the pack filter. This experiment 
was conducted using as a lubricant a straight mineral oil of 
naphthenic base, changing the filter pack at the first indica- 
tion of clogging which was indicated by a reduction in pres- 
sure. As indicated by the pistons in Fig. 5, no improvement 
in performance with respect to ring-sticking was evidenced. 
This fact led to the assumption that any improvement ac- 
complished by means of filtration would be evidenced in 
decreased deterioration of the lubricant with consequent in- 
crease in useful life rather than in appearance or performance 
characteristics of the engine. 

Another series of experiments to study this angle was made 
in four-cylinder 44%-in. bore Caterpillar Diesel engines, this 
time using a compounded lubricant of known performance 
characteristics. The filter was of special manufacture with 
characteristics similar to streamline filters, and was con 
structed along such lines that it was capable of absorbing 
solids of much smaller particle size than any filter so far 


Table 3— Comparative Deteriorction 

A B C D 
Gravity, A.P.I. at 60 deg. fahr. 19.2 17.5 17.2 20.6 
Viscosity, S.U. at 100 deg. fahr. 693 1113 1437 3=— 654 
Viscosity, S.U. at 130 deg. fahr. 255 383 437 236 
Viscosity, S.U. at 210 deg. fahr. 59 69 73 57 
KOH Absorption, mg. per gm. 2.6 5.46 8.5 0.46 
Insoluble Material, mg. per gm. 1.3 11.00 19.0 Trace 
Ash, per cent 0.16 0.19 0.23 0.15 


investigated. In the experiment with the engine equipped 
with this filter, the oil was changed every 60 hr., the filter 
pack changed at the same time and, in cases where the filter 
clogged sooner than this, at the point where clogging oc- 
curred, usually between 50 and 60 hr. The other engine was 
operated under normal conditions, equipped with a regular 
positive-flow screen-type filter. Table 2 indicates considerable 
reduction in insoluble material and, to a lesser degree, a 
reduction in viscosity increase when using a pack-type filter. 
The reduction in insoluble materials may be explained par 
tially by the fact that, contrary to most opinions, the use of 
a pack-type filter results in increased oil consumption. The 
increased oil consumption naturally requires the use of addi 
tional make-up oil, which results in an overall decrease in 
the percentage of insolubles. This increased oil consumption, 
depending upon conditions of operation, ranges from 10 to 
300 per cent. We wish to point out here also that a definite 
increase in acidity is brought about by the use of the pack 
type filter. So far in these investigations we have been unable 
to arrive at a satisfactory explanation of this phenomenon 
and it is mentioned here simply as one of the effects on the 
lubricants of the use of a pack-type filter. Fig. 6 shows a 
comparison of pistons used in these experiments; the one on 
the left is from the engine run without the absorbent filter. 
Air Cleaners With Respect to Filtration 

Se far in this discussion we have not considered the con 
tamination of the lubricant that may be introduced from 
outside sources. This problem is one that is confused very 
often with that of oil filtration. Air cleaners are probably the 
most important single item relative to the control of cylinder 
liner and ring wear in the case of Diesel engines, inasmuch 
as the air supply is probably the greatest source of outside 
contamination. Damage resulting from contamination from 








—————————————————eEeEeEeEeEeEee 





January, 1939 


this source is accomplished long before the material has 
reached a filter as it must work down past the reciprocating 
parts and into the oil stream before it is picked up by the 
filter. Therefore, if efficient air-cleaning methods are used 
and sufficient emphasis is placed on the care and maintenance 
of air cleaners, no particular trouble should be encountered 
from this source. 


Operating and Crankcase Temperatures 

In the introductory paragraphs, the effects of temperature 
on oil deterioration and bearing lubrication were described, 
together with the effect of certain additives in inhibiting the 
formation of engine deposits. 

Analysis of the foregoing experiments and conclusions, we 
believe, will show that it is obvious that the lowest operating 
and crankcase temperatures attainable that are compatible 
with efficient engine operation would be conducive to further 
inhibition of the formation of engine deposits, reduction of 
bearing failures due to corrosion and to structural weakening 
of the bearing metal, and of oil deterioration generally. 

Accordingly, experiments were conducted using four- 
cylinder 4%-in. bore Caterpillar Diesel engines, one equipped 
with an oil cooler and operated at an atmospheric tempera- 
ture of 125 deg. fahr. Under these conditions, the crankcase- 
oil temperature was 145 deg. fahr. Another was operated at 
an atmospheric temperature of approximately 80 deg. fahr. 
The third engine operated at an atmospheric temperature of 
125 deg. fahr. without an oil cooler. Table 3 illustrates the 
comparative oil deterioration between these runs, the same 
oil being used in each case. 

Column 4 represents an average of the tests on 8 samples, 
each representing a 60-hr. operating period in the engine 
operating at 125 deg. fahr. and equipped with a cooler. 

Column B represents the same data on the engine operating 
under normal conditions. 

Column C represents the data on the lubricant used in the 
engine operating at an atmospheric temperature of 125 deg. 
fahr. without a cooler — D the tests on the new oil. 

The comparative data shown in Table 3, where reduction 
in temperatures reduces oil deterioration to a most surprising 
degree, illustrate the desirability of constructive research 
along the lines of elimination of the formation of deleterious 
materials in crankcase lubricants, rather than of their removal 
after their formation. 

The circulation equipment described in the early para- 
graphs of this paper again was utilized to show the effect of 
filtration on lubricants when used in an engine equipped 
with an oil cooler. A crankcase draining representing 60 hr. 
of operation with a cooler at 125 deg. fahr. atmospheric tem- 
perature, was circulated through a pack-type filter for 24 hr. 
under the same conditions of temperature and pressure as 
those obtained in the engine and the oil analyzed. The com- 
parative data are shown in Table 4. As illustrated, practically 
no change is indicated by the tests in the oil before and after 
filtration. 

In summarizing the foregoing, it is to be commented that 
oil filtration has a sphere of usefulness in the lubrication 
picture. 

Decomposition of the oil and the consequent formation of 
insoluble materials will take place to some degree. Metallic 
particles resulting from wear are still going to be found in 
crankcase lubricants, and their removal will always be desir- 
able. However, with respect to filters where materials having 
highly abrasive and adsorbent qualities are incorporated in 
their manufacture, their use has not been justified fully by 
the facts. 

Absorbent filters have one distinct advantage over the 
positive-flow-type filter and that is that, generally speaking, 
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Table 4— Effect of Filtration on Oil Used in Diesel Engines 
Equipped With Oil Cooler 


Before After 
Filtration Filtration 

Gravity, A.P.I. at 60 deg. fahr. 19.2 19.2 
Viscosity, S.U. at 100 deg. fahr. 693 690 
Viscosity, S.U. at 130 deg. fahr. 255 254 
Viscosity, S.U. at 210 deg. fahr. 59 59 
KOH Absorption, mg. per gm. 2.6 2.7 
Insoluble Material, mg. per gm. 1.3 1.12 
Ash, per cent 0.16 0.16 


they will remove materials of considerably smaller particle 
magnitude than the positive-type filter. This difference is 
because the openings in a pack-type filter are smaller. The 
openings in a screen-type positive-flow filter could be made 
smaller also, but the filtration of all of the oil going to the 
bearings, even though materials of extremely small particle 
size are allowed to pass, is of far more value than the removal 
of a small portion of the particles of smaller size from a rela- 
tively small portion of the oil being furnished the bearings 
and allowing the bearings to filter the remainder. This being 
the case, if a pack-type filter is still deemed necessary, it 
should be used in conjunction with a positive-flow-type filter. 

Longer periods of operation between oil changes have been 
advocated by many as one of the beneficial results from the 
use of certain types of filters. The economics of this result 
has never been quite clear and seems to revolve around the 
question: which are we interested in saving —the oil or the 
engine? 

From the foregoing data, it is obvious that one of the 
results of oil decomposition is that of viscosity increase. In 
some of the tables shown, the oil has increased in viscosity 
from a light S.A.E. 30 grade to almost an S.A.E. 50. Increases 
of this order result in reduced circulation and consequent 
reduction in heat dissipation from the bearings. Obviously, 
then, long oil changes with resultant higher viscosities would 
be conducive to more frequent bearing failures. An illustra- 
tion of this point is shown in Fig. 7 in which the bearing 
shells A represent connecting-rod shells taken from an engine 
which had operated 500 hr. without an oil change and 
equipped with a conservative absorbent-type filter. The bear- 
ing shells shown as B in this illustration represent shells 
taken from the same engine operating under identical con- 
ditions without the filter and changing the oil after each 60 
hr. of operation. These shells operated for 1rooo hr. The 





Fig. 6—Comparison of pistons run in a Diesel engine with 
(right) and without (left) pack-type filter, using compounded 
lubricating oil 








28 S.A.E. JOURNAL 


(Transactions) 


Vol. 44, 





Fig. 7— Comparison of connecting-rod bearing shells— A from an engine operating 500 hr. without oil change and with absorb- 
ent-type filter —B from same engine without filter and with oil changes every 60 hr. for 1000 hr. 


bearings used in run 4 were badly cracked and checked, 
whereas the bearings operating under the conditions de- 
scribed in run B showed no indication of failure. Another 
aspect of this subject is that the life of oxidation inhibitors is 
more or less limited whether they be natural or additives. 
After these materials have been destroyed through use, they 
cannot be replaced by any means of filtration. 

In conclusion it is hoped that, in the presentation of this 
paper, some clarification of the controversial ideas involved in 
the usual discussions revolving around the subject of crank- 
case-oil filtration may have been accomplished, and that it 
may aid in the promotion of constructive research with re- 
spect to the improvement in oil-filtration methods, leaving the 
refining or chemical treatment of lubricants squarely up to 
the refiner, the air-cleaning problem to the air-cleaner manu- 
facturer, and the removal of solids to the lubricating-oil filter 
where they respectively belong. 





Discussion 





General Conclusions from 
Special Cases? 
—F. A. Brooks 


California Agricultural Experiment Station 


|= foregoing paper shows a very interesting development of an 
attack on the problem of piston-ring-sticking, the particular solution 
of which has been found in special oil rather than in oil filters. It seems 
appropriate at once to call attention to the fact that the ring-sticking 
problem is not serious in all makes of high-speed automotive-type Diesel 
engines. Hence any conclusions to be drawn from the rather special case 
under consideration should never be considered as general, such as when 
Mr. McDonald says “lubricating oils which had been found to be en- 
tirely satisfactory for the lower compression engines were not capable 
of fulfilling the demands placed upon them by the high-speed Diesel .. .” 
We have heard little complaint of ring-sticking on other Diesel tractors 
of 1100 r.p.m. running on regular Eastern lubricating oil, some engines 
with even higher compression pressure than Caterpillar. 

Heretofore, we had always thought of ring-sticking as primarily a 
temperature problem, the incidence of which was lessened with well- 
filtered oil and dust-free air. We think that we can appreciate Mr. 
McDonald’s problem because we are acquainted with the hard lacquers 
formed on hot orchard-heater stacks by hydrocarbon vapors. Probably 
Mr. McDonald may be right in saying that Diesel unit power output is 
now limited by the character of the lubricating oil but, without more 
information as to the temperatures and the effect of different piston 
designs, we feel that we might well retain our preconceived ideas. 

In claiming that lubricating oil wears out, Mr. McDonald again must 
be speaking of special cases. The El Solyo Ranch near Vernalis operat- 





* See S.A.E. Journar, Vol. 16, 1925, pp. 
Trucks in Service,”” by A. H. Hoffman. 


249-256: “‘Air-Cleaners on 


ing Caterpillar Diesels of 524-in. bore (three-, four-, and six-cylinder) 
since they first were marketed, reclaims crankcase oil on a definite 
schedule of draining every 40 hr. The only new oil is make-up, and 
there has been no piston grief to speak of. We have many reports from 
large fleet operators on the success of using reclaimed oil, and it i 
accepted as standard 


mechanical 
industry. 


practice in other branches ot the 

The reports of babbitt-bearing failure at 
the temperatures cited are far which must have been 
reached at the bearing surface. Furthermore, we surmise that Mr. 
McDonald’s statement of babbitt cracking “without the application of an) 
pressure” 


300 deg. tahr. indicate that 


below those 


1 


really means while running the engine without load which, 


nevertheless, causes severe periodic bearing loads. 

As to lubricating-oil filters, Mr. McDonald presents evidence of the 
breakdown of some adsorbent types using Fuller’s earth. The actual us 
of the oil-filter testing apparatus built at Davis, Calif., is still held in 
abeyance because of our preoccupation with orchard heating. Hence, w 
can only offer hearsay confirmation of his finding. This breaking-down 
is, Of Course, not serious if replacement of elements is made soon enough. 
However, the mere possibility of extra grit getting into the circulating 
lubricating oil is enough to make one be cautious in the servicing of th 
“chemical-action” type. We have good reports of two of these in paral 
lel running 500 hr. on a McCormick-Deering TD-35, keeping the lubri 
cating oil absolutely clear all summer (dusty work). For some reason, 
as yet unknown to us, the oil suddenly blackened after a rain. Another 
pair of elements in use 200 hr. cleared up such a “rain-blackening 
within the next 8-hr. run. 

Mr.*McDonald discusses the absorbent-type filters (the best known of 
which are the cotton-fiber filters), with a condemnation of bypass filter 
ing in general. This is an unfortunate point of view since this bypass 
method is the one in most general use in the mechanical industry. The 
lubricating-oil filter design in industries outside the automotive is so 
well founded that the approximate relation between rate of wear and 
contamination is known, and it is possible to set the total operating cost 
of extra-degrce filters against the slightly increased saving in the reduced 
wear of the machinery. If automotive Diesel manufacturers expect larg: 
abrading particles or clouds of fine abrasive suddenly to enter the oil 
stream, they should, of course, provide 100 per cent filtration. 

Air cleaners probably are not as perfect as Mr. McDonald assumes, s« 
some expansion might be made of his single paragraph. We are not se 
sure as he that all damage from dust occurs on its first passage from 
combustion-chamber to crankcase. A. H. Hoffman with R. H. Stalnake: 
ran tests* on 8 identical trucks working on dirt road construction. The 
rate of wear of the 2 trucks without air cleaners, but with a complete oil 
change every 100 to 150 miles, was surprisingly low. Much localized 
trouble has been reported of rapid wear in tractor engines with good ai 
cleaners and no oil filters. Enough so to lead us to recommend frequent 
oil change in fine-dust agricultural districts. Quite obviously, a poor ait 
cleaner loads an oil filter. Carrying this thought to an extreme, we 
might say that it is a fair question whether a tractor with no air cleaner 
but perfect 100 per cent oil filtration (not now available) would wea 
its liners and rings faster than one with the ordinary oil-bath air cleane! 
and no lubricating oil filter. The two are related, but abrading particles 
arise both inside and outside an engine and, hence 
oil filter are needed. 

It might be of interest here to repeat my last year’s statement that the 
average dust-particle size raised in soil operation in California in August 
has a diameter about equal to the o.oo1-in. passage in metal-edge oil 
filters. The usual oil-bath air cleaner, when in good condition, will 
remove almost all such large particles, passing mostly the fine particles 
of less than % of the filter opening. Even a high-grade dry cyclone 
air-cleaner will catch almost all the dust particles bigger than 1/3 of the 
oil filter gap. Therefore, this type of roo per cent oil filter removes 
dust only as sludge nuclei. The modern bypass filter, which can mak« 
the oil visibly clear, is the only really effective means of removing this 
fine polishing compound. 


, both air cleaner and 




















Tank Mileage 


By W. E. Zierer and J. B. Macauley, Jr. 


Chrysler Corp. 


YMPATHIZING with the engineer who finds 

that the high efficiency designed into his engine 
fails to produce the anticipated increase in aver- 
age miles per gallon obtained under normal driv- 
ing conditions, the authors touch upon some of the 
factors, many of them out of the engine designer’s 
control, which may completely mask the expected 
improvement. 


In so doing, they start with an engine of known 
specific consumption and show the effect of air 
resistance, chassis friction, gear ratio, and car 
weight on constant-speed road economy, compar- 
ing calculated values with actual test values avail- 
able. 


Also discussed are such factors as climatic varia- 
tions, traffic operation, cross-country driving and 
the individual driver, which have a definite effect 
upon economy, but over which the designer has 
little or no control. The effect of these factors is 
illustrated by the spread in tank mileage shown 
by a number of cars of similar model in fleet 
operation. 


ce HE best laid plans of mice and men gang aft a-gley, 
And lea’s us nought but grief and pain . . .” 

The grief and pain become a particularly acute 
ache to the engineer when the high efficiency designed into 
his engine fails to produce the anticipated increase in tank 
mileage in the car. It is the province of this paper to touch 
upon some factors, many of them out of the engine designer’s 
control, which may mask completely the expected improve- 
ment. 

In the discussion that follows, mean road-load economy) 
refers to the average miles per gallon obtained on constant 
speed tests run in opposite directions on a level concrete road 
at 1o-mile intervals of speed from 20 to 60 m.p.h. Tank 
mileage refers to the average miles per gallon obtained under 
normal driving conditions. 

In Fig. 1, the mean road-load economy of 21 different 1938 
cars is plotted against displacement per car mile. The aver- 
age curve drawn through the points is an equilateral hyper 
bola which indicates the approximate inverse ratio of these 
factors. When it is considered that displacement per mile 
does not take into account either thermal or mechanical 
efficiency, or rolling and wind resistance, the close proximity 


[This paper was presented at the Semi-Annual Meeting ef the Society, 
White Sulphur Springs, West Va., June 15, 1938.] 
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of the points to the curve is rather startling. It not only 
establishes the value of this factor as an approximate measure 
of the road-load economy of present-day cars, but also 1s 
indicative of a fair degree of uniformity in their efficiency 
and general design characteristics. It should be mentioned 
in this connection that, in certain types of operation, a reduc 
tion in displacement per car mile without a corresponding 
reduction in the weight of the vehicle, will result in such poor 
performance that the average tank mileage may be reduced. 

The dotted curve in Fig. 1 is a similar average of 15 1933 
cars. Although the points are somewhat more scattered, the 
11 per cent difference in the average curves is believed to be 
representative of the improvement made during this period. 

A typical example of the specific fuel consumption of a 
modern engine, plotted against load and speed, is shown in 
Fig. 2. Road test conditions have been approximated by 
operating the engine with a fan and mufiler. The average 
full-throttle consumption over the speed range from 400 to 
4000 r.p.m. is 0.64 lb. per b.hp-hr. which is equivalent to 20.9 
per cent brake thermal efficiency based on a lower heating 
value of gasoline of 19,000 B.t.u. per lb. The brake thermal 
efficiency is reduced to 19.6 per cent at % load, 18.8 per cent 
at half load, 12.5 per cent at 4 load and, at 15 per cent load, 
it is only 8.5 per cent. The maximum efficiency at 1200 r.p.m. 
ranges from 23 per cent at full load to 12.1 per cent at 15 per 
cent load. 
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Fig. |—-Mean road-load economy of 21 different 1938 cars 
and 15 1933 cars plotted against displacement per car-mile 
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Knowing the specific-fuel-consumption characteristics of the 
engine and other factors relative to the car, the road-load 
economy can be determined with a fair degree of accuracy. 
An example is shown in Fig. 3. Here, an engine having these 
fuel-consumption characteristics has been applied to a car, 
and the road-load economy calculated. Other factors such as 
weight, gear ratio, frictional and other losses, have been 
chosen so as to make it representative of present-day low- 
priced cars, and we may call this car Model X. The specific 
consumption at road load over the speed range from 20 to 60 
m.p-h. varies from 1.3 to 0.7 lb. per b.hp-hr., corresponding to 
brake thermal efficiencies of 10 per cent and 19 per cent. The 
calculated mean road-load economy of 21.4 miles per gal. 
compares favorably with an average of 20.8 miles per gal. 
obtained on actual tests of a large number of cars in this class. 


LBS. FUEL PER BHP HR. 














Fig. 2—Specific fuel consumption vs. speed and load 


Wind Resistance 


In studying possible design changes to improve economy, 
wind resistance usually is given first consideration because it 
is one of the largest single factors involved. Referring again 
to Fig. 3, the horsepower required for overcoming wind 
resistance increases from 5.9 at 40 m.p.h. to 44.8 at 78.5 m.p.h. 
These are average values obtained by checking the car speed 
at various throttle openings on the road and then determin- 
ing the power output on a four-wheel chassis dynamometer 
at the same speeds and throttle openings. This method is 
subject to some error because of an unavoidable difference in 
certain operating temperatures and also because of the dif- 
ference in rolling resistance of the tires on the road and rolls. 
It is probably as accurate, however, as a scale-model wind- 
tunnel test. The results quoted for Model X, which has 27.4 
sq. ft. projected frontal area, give a coefficient of 0.00127 
when substituted in the conventional formula: Hp. = 
C A $/375. 
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Fig. 3 — Calculated road-load economy 


If this power is reduced by amounts equivalent to a_ per- 
centage reduction in the wind-resistance coefficient, the corre- 
sponding increase in miles per gallon at any speed can be 
determined. This increase is shown in Fig. 4. In this case no 
change has been made to compensate for the reduction in 
power required and, in addition to improved economy, the 
car also would have increased accelerative ability. When the 
gear ratio is reduced numerically so as to maintain the same 
excess power available for acceleration at each speed, the 
resulting increases in economy are as shown in Fig. 5. These 
curves show the optimum economy increase possible by a 
reduction in wind resistance, assuming no change is made in 
the efficiency, weight, or performance characteristics of the car. 

In considering the effect on tank mileage, the most impor- 
tant fact illustrated by these curves is the relatively small 
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Fig. 4—Increase in miles per gallon with reduction in wind- 
resistance coefficient 
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increase obtained at low speeds. For example, the effect of 
10 per cent reduction in wind resistance at 40 m.p.h. is only 
2 per cent in economy; whereas, at 78.5 m.p.h., it is 8 per cent. 

Actual road tests confirming in a general way these calcu- 
lated results have been made and are interesting in this con- 
nection. A conventional four-door sedan was fitted with re 
movable sections to give it a streamlined form. These sec- 
tions consisted chiefly of a tail, underpans, redesigned fenders, 
radiator grille, hood, cowl and windshield. The total effect 
of the changes resulted in a 49 per cent reduction in the 
wind-resistance coefficient from 0.00120 to 0.00061. The road- 
load economy, as shown in Fig. 6, was increased 56 per cent 
at 80 m.p.h. and 17 per cent at 60 m.p.h. In order to accom- 


plish these results, however, it was necessary to increase the. 


overall length of the car 44 in. This would make a sad tail 
indeed for traffic driving and parking. 
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Fig. 5—Increase in miles per gallon with reduction in wind- 

resistance coefficient when the gear ratio is reduced nu- 

merically so as to maintain the same power available for 
acceleration at each speed 


It seems reasonable to conclude, therefore, that stream- 
lining alone will not result in an improvement in existing 
tank mileage, but will have the effect of permitting higher 
speed operation without seriously penalizing existing tank 
mileage. 


Chassis Friction 

Unlike wind resistance, the effect of chassis friction and 
rolling resistance is more uniform over the entire speed range. 
Although no solution is offered for accomplishing any reduc- 
tion, it would result in an appreciable increase in economy 
as shown by the curves in Fig. 7. Here the possible increase 
in economy of our Model X car has been plotted against the 
per cent reduction in chassis friction which shows, for exam- 
ple, that a 20 per cent reduction in chassis friction would 
increase the average road-load economy 1.1 miles per gal., or 
5-5 per cent. These figures are based on normal operating 
conditions with well-broken-in cars. The effect of initial stiff- 
ness on new cars as they are delivered to owners is a matter 
of painful experience to most of us. 
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Sar No. SERD 468i Displecement 241.5 sear Ratio 3.69 vir. 704 os. 
Fngine RPM/MPH Dir.45.7 0.D. 32.2 Tire Size 6.50«l6 6 Ply 
Conventional Streamlined 
Road Weight - lbs. 3837 3027 
Projected Frontal Area - sq. ft. 27.2 27 
Overall length without bumpers - incher 198 22 
Wind Resistance Coefficient -00120 00061 
Equivalent Flet Plate Aree (”T) 9.7 a5 
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Fig. 6—Road-load economy with conventional overdrive and 
streamlined overdrive 


Gear Reduction 

The principal consideration given to the selection of final 
drive ratios is usually that of accelerative or hill-climbing 
ability. This ability, of course, requires a great deal of excess 
power, and the resulting reduction in load factor is respon- 
sible for the high specific fuel consumption at road loads 
throughout the normal driving range. 

Since all engines develop their maximum brake thermal 
efficiency at or near full load, the most desirable gear reduc- 
tion for maximum fuel economy would be infinitely variable 
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Fig. 7—Increase in mean road-load economy with reduction 


in chassis friction 
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Fig. 8— Optimum economy, ratio for optimum economy, and 
engine r.p.m. for optimum economy compared with values 
based on a 4:1 ratio 


to permit full-load operation at all speeds. Although we do 
not, as yet, have a transmission that fulfills this requirement, 
it is interesting to consider this condition since it represents 
the optimum or ideal economy that can be obtained from a 
car of given weight and with a given engine. These ratios 
can easily be established graphically, and the corresponding 
optimum economy calculated. This calculation has been made 
in connection with Model X, and the optimum ratio and 
economy are as shown in Fig. 8. A speed of 400 r.p.m. has 
been assumed as the minimum engine speed, and the opti- 
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Fig. 9— Improvement in mean road-load economy and road- 
load specific fuel consumption with overdrive as compared 
with direct drive 


mum economy is based on part-throttle operation below that 
speed. The overall ratios shown are those which would be 
required with 6.00-16 tires. The average optimum ratio in 
this case from 20 to 60 m.p.h. is 1.32:1 whereas in Fig. 3 the 
economy was based on the ratio of 4.1:1. The optimum mean 
road-load economy is increased 8.2 miles per gal. from 21.4 
to 29.6. In other words, the economy obtained with the 
normal gear ratio is 72 per cent of the optimum. A similar 
calculation made on a representative group of 1938 sedan 
models shows that the actual mean road-load economy on 
these cars runs from 68 per cent to 89 per cent of their respec 
tive optimum values. 


Semi-Automatic Transmissions 


With the gear ratio reduced to produce maximum econ 
omy, there would be no power available for acceleration and, 
for this reason, some type of automatic transmission would 
be necessary. The first commercial step toward realizing 
some of this gain is the semi-automatic or overdrive trans 
mission. These units usually are built with fourth-speed 
ratios of about 0.7:1 which, if applied to Model X, would 
result in a 4.3 miles per gal. or 20 per cent increase in mean 
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Fig. !0-—Calculated increase in mean road-load economy 
with reduction in weight 


road-load economy. This improvement is shown in Fig. 9, 
which also shows the comparative specific fuel consumption 
at road load with the two ratios. 

In actual practice it is necessary to compromise the ratios 
somewhat for the sake of accelerative ability and, in several 
cars which furnish such units as optional equipment, the final 
drive ratios in fourth or overdrive are from 21 per cent to 26 
per cent lower than the direct-drive ratios in the correspond 
ing standard models with three-speed transmissions. 


Car Weight 


If we assume that a certain acceptable level of high-gear 
performance must be maintained, a reduction in car weight 
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will permit a reduction in axle ratio and a consequent 1m 
provement in economy. In calculating the effect of weight 
reduction on Model X, the base values taken were 3000 |b. 
car weight plus 400 lb. passenger load, with an axle ratio of 
4g.t:t. Fig. 1o was calculated by assuming that constant 
performance would result by so proportioning axle ratio to 
total weight that the same excess drawbar pull, above that 
required to overcome chassis friction and wind resistance, 
was maintained. The curves in Fig. 10 show an 8 per cent 
improvement in economy for a weight reduction of 10 per 
cent. The other curve gives the same results in terms of 
miles per gal. and total car weight. Fig. 11 shows test values 
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Fig. 11 Mean road-load economy vs. average acceleration 
on two weight groups of recent-model cars and calculated 
results for Model "X" 


on two groups of recent model cars, one group weighing 
between 3300 and 3500 |b. including 400 lb. of passenger 
load, the other group weighing 4100 to 4700 lb. Mean econ 
omy is plotted against average acceleration in ft. per sec. per 
sec. The calculated results on Model X are included for pur 
poses of comparison. 


Tank Mileage 

Up to this point, our discussion has treated the subject of 
road-load economy in present-day cars, and the effect of pos 
sible design factors. In dealing with tank mileage, a group 
of factors are encountered over which the designer has little 
or no control and which have a definite effect on economy. 
In this group are such conditions as climatic variations, traffic 
operation, cross-country driving, and the individual driver. 

Fig. 12 illustrates the average economy of a group of 45 
cars in fleet operation in comparison with the average monthly 
air temperature. The maximum decrease in economy in this 
case from summer to winter was 2.3 miles per gal. or 12 per 
cent. These cars were kept in a heated garage over night. 
Where cars are left over night at atmospheric temperatures and 
driven for short distances, this spread may well become very 
much greater as may be deduced from Fig. 13. The data for 
this curve were obtained by starting a car which had stood 
over night and reached an air temperature of 20 deg. fahr., 
and measuring the economy each mile for 11 miles. Eight 
miles of operation were required to bring the economy up to 
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Fig. 12— Average monthly economy of a group of 45 cars in 
fleet operation compared with average monthly air temper- 
ature 


the normal level, although the water and manifold tempera- 
tures reached their normal operating level after 3 miles. The 
average economy for the first mile was only about one-third 
of its normal value. 

Trafic operation has the effect of reducing the economy to 
from one-half to two-thirds the road-load economy at the 
same speed. This ratio, of course, depends largely on traffic 
density and the individual driver, but it is not uncommon 
for a car which averages 24 miles per gal. road-load economy 
at 25 m.p.h. to run from 12 to 16 miles per gal. in city traffic. 
It is important, in this respect, to give consideration to off-idle 
mixture ratios and spark advance, and also to the selection of 
transmission ratios. Cars of the same weight and having 
equal high-gear acceleration and road-load economy at 25 
m.p.h. may vary as much as 2 to 3 miles per gal. when driven 
im city trafic over the same route and at the same rate of 
speed. 
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Fig. 13-—Miles per gallon vs. length of trip when cars have 
stood over night at an air temperature of 20 deg. fahr. 





34 


S.A.E. JOURNAL 





Vol. 44, No. 1 


(Transactions) 


ROADLOAD ECONOMY - MILES PER GALLON 





to 12 14 16 18 20 
AVERAGE - TRANSCONTINENTAL TEIP - 





MILES PER GALLON 





Fig. |14-Average economy of a group of cars on transcon- 
tinental trip vs. road-load economy 


In cross-country driving, the effect of speed and accelera 
tion is greater than is realized generally. Taking the road- 
load economy at 20 m.p.h. as 100 per cent on a group of 20 
1938 cars ranging in weight from 2330 to 4670 lb., the econ 
omy is reduced to 96 per cent at 30 m.p.h., 87 per cent at 40 
m.p-h., 77 per cent at 50 m.p.h., 66 per cent at 60 m.p.h., and 
54 per cent at 70 m.p.h. The percentage reduction is greater 
on the smaller cars and, at 70 m.p.h., the average of the four 
smallest cars in the group is 46 per cent and that of the four 
largest cars is 64 per cent. 

The characteristic shape of the wide-open-throttle economy 
curve is fairly flat and, from 20 to 60 m.p.h., averages about 
38 per cent of the mean road-load economy. 

Fig. 14 is an example of the average economy of a group of 
cars driven on transcontinental test trips at average speeds, 
based on total driving time, of 44 to 49 m.p.h. Here, the 
average economy of each car for the trip is plotted against 
road-load economy at the same speed. Although there is a 
wide variation among individual cars, the results indicate, in 
a general way, the economy obtained in this type of operation. 
The “trip” economy of all the cars ranges from 69 to 87 per 
cent of the road-load economy and the average of the group is 
77 per cent. 


Traffic Test Described 


Typifying the effect of individual-driver variation, we 
might describe a traffic test which recently was run in Detroit. 
A 10-mile course through city traffic was laid out, and the 
same car was driven over this course in two different ways. 
In the first test, maximum acceleration through all gears was 
maintained up to a maximum speed of 30 m.p.h. The car 
was driven in such manner as to cover the course as rapidly 
as possible while observing the 30 m.p.h. speed limit. In the 
second test, the car was started in second gear, shifted into 
high as soon as practicable, and accelerated slowly so as not 
to bring the step-up into action. The car was coasted up to 
trafic \ights with the clutch disengaged and, in’ general, the 


precautions were observed which would be recommended to 
an owner who wished to obtain maximum economy. In the 
first test, the ro-mile course was completed in 39 min. The 
average fuel economy was 8.5 miles per gal. In the second 
test, the course was covered in 44 min. and the economy was 
17 miles per gal. By sacrificing 12 per cent in time the driver 
was able to improve his fuel economy 100 per cent. 


Throttle Stop Improves Mileage 


We know of a case in fleet operation where an improve- 
ment in tank mileage of 20 per cent was achieved by restrict- 
ing the performance of the cars by means of a throttle stop. 
This method, of course, did not change the mean road-load 
economy of the car at all. The result was accomplished by 
combining the performance restriction with a considerable 
amount of driver education. Where the same equipment was 
used minus the latter ingredient, the results were, in some 
cases, negative. 

It is such factors as these which cause the spread in mileage 
as shown in Fig. 15, which covers 45 cars of similar model. 
In this chart the cars are bracketed in groups depending on 
their average mileage over a period of a month. The squares 
represent the number of cars giving mileages within the 
bracket indicated. The observed spread is from 13.7 to 23.4 
miles per gal., and it may be noted that the standard of 
maintenance of this group of cars is probably both higher 
and more uniform than a similar group of cars taken from 
the hands of individual owners. 

The car owner is concerned with tank mileage. He mea- 
sures economy by the number of times he has to reach for 
his pocketbook. I know of one case where mileage com- 
plaints on a certain model were reduced greatly by fitting a 
arger gas tank. The gap between this point of view and that 
of thermal efficiency is prodigious. We cannot hope to bridge 


it in this paper. We hope that we have thrown a strand or 
two across the chasm. 
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Improvements in Diesel-Engine 


Lubricating Oils 


By Ulric B. Bray, C. C. Moore, Jr., and David R. Merrill 


Research Department, Union Oil Co. of Calif. 


HE most striking improvements in lubricating 

oils for automotive-type Diesel engines have 
been obtained through the use of soap-type addi- 
tives. the authors contend, and several brands of 
this compounded oil are now available to Diesel 
engine operators. The paper deals particularly 
with this type of addition agent and reviews the 
improvements obtained through its use. 


Using such an oil, compounded with the cal- 
cium soap of dichlorostearate acid, the authors 
claim that five of the six properties considered 
necessary for a Diesel-engine crankcase oil are ex- 
hibited, namely—detergency which aids in pre- 
venting ring-sticking; high film strength which re- 
duces the danger of scuffing, scratching, or galling 
under severe conditions; a high degree of oiliness 
which reduces wear under normal operating con- 
ditions; low carbon-forming tendency; and ade- 
quate crankease stability which promotes cleanli- 
ness of the engine and maintains lubrication 
efficiency. 


With regard to the sixth property —that the oil 
must be non-corrosive to engine bearings—the 
paper warns that all of the soap-type compounded 
oils now on the market are corrosive to the newer 
alloy-type bearings and, therefore, their use must 
be restricted to engines equipped with babbitt 
connecting-rod and main bearings. However, de- 
velopment of an all-purpose non-corrosive com- 
pounded oil is expected shortly. 


HE use of higher speed Diesel engines for automotive, 
locomotive, and stationary power purposes has increased 
at an almost phenomenal rate in the last few years. The 
year 1937 showed comparative growths of Diesel application 
over 1935 of roughly 120 per cent for tractors, 160 per cent 
for trucks, 300 per cent for locomotives, and 40 per cent for 
stationary installations. By far the major portion of this 
increase in Diesel usage is accounted for by the newer 





[This paper was presented at the Semi-Annual Meeting of the Society, 
White Sulphur Springs, West Va., June 14, 1938.] 

1 See Diesel Power, January, 1938, pp. 35 and 36. } 

2 See S.A.E. Transactions, Vol. 40, April, 1937, pp: 165-172: “Engine 
Temperature as Affecting Lubrication and Ring-Sticking,” by C. G. / 
Rosen 
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medium- and high-speed type engines developing less than 
500 hp., particularly those ot less than 200 hp. The sales of 
Diesel engines of 100 to 199 hp. increased from an estimated 
350 units in 1934 to approximately 2650 units in 1936, while 
the sales of Diesel engines of less than 100 hp. increased trom 
an estimated 1100 units in 1934 to approximately 18,600 units 
In 1930. 

Of the various factors which have contributed to this con- 
tinued increase in Diesel-engine applications, one of greatest 
importance, in our opinion, is the improvement in the engines 
from a purely mechanical point of view. The designing engi- 
neers have striven constantly toward an improved product 
from their point of view; namely, that of converting the heat 
available from a low-cost fuel into usable power with the 
greatest efhciency and least interruption from mechanical 
failures. The continued increase in Diesel-engine usage and 
the enthusiasm of Diesel engine users for the newer-type 
engines give ample evidence of the progress made by the 
Diesel-engine designers and manufacturers. 

As was to be expected, development of the modern medium- 
and high-speed Diesel engine has presented lubrication diff- 
culties, some of which were probably not new but needed the 
importance of a great development to bring them into the 
open. Naturally, the Diesel-engine manufacturers were the 
first to realize these difficulties, and they have been most 
cooperative and constructive in their discussions of the part 
played by the lubricating oil.2 In the search for improve- 
ments in the lubricating oils, many possibilities were tried, 
including the selection and blending of special mineral-oil 
stocks and the addition of “dopes” to mineral oils. The latter 
procedure has given, in the use of at least certain types of. 
addition agents and in certain engines, results far superior to 
those obtained by special uncompounded mineral oils. The 
doped oils which have shown outstanding results and which 
have enjoyed widespread commercial usage in recent times 
belong to a class containing soap-type additives. The present 
paper deals particularly with this type of addition agent, and 
is intended to present a survey of the improvements obtained 
through their use. 


Lubrication Difficulties 


Four outstanding lubricating difficulties have been experi- 
enced with modern medium- and high-speed Diesel engines 
lubricated with straight mineral oils: 

t. Ring-sticking. 

2. Scratching or scuffing. 

3. Excessive wear. 

4. Bearing failures. 

The immediate cause of ring-sticking is the accumulation 
of sufficient cementitious material in the ring clearances to 
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hold the ring stationary, and to prevent the movement neces- 
sary tor the ring to toilow the cylinder wall. The exact 
composition and source of this ring-sticking material is open 
to considerable question, some investigators believing that 
unburned fuel residues are a major source of difhculty, 
whereas others subscribe to the thought that the lubricating 
oil represents the major source of the varnish or lacquer-like 
materials found associated with stuck rings. When sticking 
starts with one ring, often the top compression ring, the 
difficulty usually spreads rather rapidly to other rings, and 
soon the engine is operating very inefficiently. Usually the 
first effect noticed in the operation of the engine is an ab- 
normal amount of blowby gases escaping from the breather, 
a smoky exhaust, and a loss of power for a given fuel-rack 
setting. Apparently when blowby has once started through 
the sticking of one or more rings, the deterioration is ex- 
tremely rapid through the ravaging effect of the hot gases 
passing between the piston and cylinder wall and the inter- 
ference of heat transfer from the piston to cylinder wall. 
Continued operation under such conditions is destructive to 
both piston-rings and liner. 

Scratching or scuffing has been the primary cause of many 
failures which have been attributed to other sources. Scratch- 
ing is likely to occur during the early operation of a new or 
rebuilt engine, during starting after the engine has been stand- 
ing idle for some time following a shutdown while hot, cr 
during sudden loading after idling at slow speed. The rela 
tionship between ring-sticking and scratching is sometimes 
difficult to ascertain, but experience has shown that scratching 
frequently occurs when no ring-sticking difficulty is immi- 
nent. If the engine is stopped promptly in such cases, the 
rings will be entirely free and in otherwise good operating 
condition, but continued operation after scratching has starteau 
will soon result in completely stuck rings, due to the high 
rate of blowby. On the other hand, in some instances, scratch- 
ing has been known definitely to have been preceded by ring- 
sticking or the accumulation of sufficient carbon behind the 
rings to force them into the cylinder wall with abnormally 
high pressure. 

The scratching phenomenon appears to consist of the tear- 
ing away of metal particles first from the rings, next from 
the cylinder walls, and finally from the piston skirt. The 
damage probably starts at some small area, giving first a 
piston-ring roughened over only a short distance and a cer 
tain amount of iron particles in the lubricating-oil film on 
the cylinder wall and the upper portion of the ring belt. 
With rotation of the ring, the cylinder-wall surface becomes 
scratched, and simultaneously additional ring surface comes 
into contact with the previously scratched cylinder-wall area. 
Meanwhile the concentration of metal particles in the lubri 
cating oil held in the upper portion of the ring belt is in- 
creasing rapidly. It is obvious that, through the abrasive ac- 
tion of these various elements, scratching is likely to spread 
rapidly all around the cylinder wall and to all of the piston- 
rings. 

Wear occurs in every piece of machinery which man has 
_ devised to date, and the term “excessive wear” has meaning 
only by comparison. The operator of a roo-hp. Diesel engine 
of the automotive type may be satisfied with a cylinder-wall 
wear of 0.015 in. per 1000 hr. for lack of knowledge that this 
wear figure can be reduced materially through the choice of 
lubricating oil. In the discussion of wear occurring in Diesel 
engines, it is advisable to distinguish between wear which 
takes place under normal or ordinary operations wherein 
scratching or scuffing is not a factor, and the wear which is 
experienced under the abnormal conditions of scratching or 
scuffing. 


The immediate cause of bearing failures is excessively high 


temperature. In the case of babbitt linings, the crushing 

strength is reduced by high temperature to a point where 

cracking upon impact occurs, and the commonly observed 

failure by spalling is experienced. With the newer alloy-type 

bearings, which are more resistant to impact at high tem 

peratures, corrosion of the bearing metal by acidic bodies in 

the lubricating oil may be experienced. With either type of 

bearing, high temperature is associated with failure. 

Properties To Alleviate Lubricating Difficulties 

As a result of both theory and practice, we believe that a 

Diesel-engine crankcase oil should have the following prop 

erties in order to alleviate the previously mentioned difhicul 

ties: 

Detergency. 

High film strength. 

High degree of oiliness. 

Low carbon-forming tendency. 


ty 
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Stability against oxidation and engine temperatures. 


a VI 


Non-corrosiveness to engine bearings. 
A discussion of each of these properties will indicate the 
part it plays in overcoming the difficulties enumerated. 


Detergency 

In a classical study of lubrication, detergency would have 
no place but, in practical operations, it is believed to be of 
the first order of importance. For the sake of definition, de 
tergency is considered that property of the oil which assists 
in removing or preventing the accumulation of “dirt” on the 
engine parts. Detergency is not to be confused with solvent 
action wherein undesirable crankcase contaminants are dis 
solved, because detergency operates through colloidal phe 
nomena wherein the contaminants are held in suspension 
through some kind of peptizing action or other form of col 
loidal protection. Much study has been given in recent years 
to the development of detergents and their action, particularly 
in aqueous solution. For the sake of keeping the inside of 
the Diesel engine clean, it is believed desirable to incorporate 
in the oil an agent which will assist in washing away or 
preventing the accumulation of deposits in the engine. Such 
an agent may be classified as a detergent. 

The m: ajor function of detergency in a crankcase oil is to 
aid in preventing ring-sticking, although the prevention of 
the accumulation of sludge or muck in the various other 
parts of the engine is also desirable. The mechanism of the 
prevention of ring-sticking through detergency is probably 
not entirely understood, nor is detergency considered to be 
the only property required of a non-ring-sticking oil. It 
appears that the detergent agent operates in two ways: first, 
to coat the metal surfaces with an adsorbed layer which pre 
vents the adherence of soot and resins to the metal surfaces 
and, second, to coat each particle of soot or other oil-insoluble 
material with an adsorbed layer, preventing agglomeration 
into larger masses and likewise giving further protection 
against the adhesion of these oil-insolubles to the metal sur 
faces. Thus, the soot, unburned fuel residues of an asphaltic 
nature, and lubricating-oil decomposition products contami- 
nating the lubricating oil in the ring-belt area are prevented 
from attaching themselves to the metal surfaces. With the 
perfect detergent, no accumulation of deposits of any nature 
ever would be experienced. Through the use of certain deter- 
gents now available, it has been possible in practice to reduce 
the tendency for the ring-sticking materials to collect on the 
metal surfaces to such a point that ring-sticking can be prac- 
tically eliminated during the life of the engine. 

It may be of interest to describe at this time a simple method 
of evaluating compounding agents for detergent properties at 
least under one set of temperature and concentration condi 
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Laboratory Inspection Data on Samples of Commercial Diesel-Engine Oils (S.A.E. 30 Grade) 


Brand, Code 


Base Oil * A B C D 

Gravity, deg. A.P.1. at 60 deg. fahr. 20.5 20.2 20.5 20.7 20.4 
Viscosity, Saybolt Universal at 100 deg. fahr., sec. 578 .3 88 .5 651.4 606 .6 581.9 
Viscosity, Saybolt Universal at 210 deg. fahr., sec. 56.4 57 .0 58 .9 57.1 56.6 
Viscosity Index 24 27 24 22 25 
Viscosity-Gravity Constant 0.875 0.878 0.875 0.875 0.878 
Flash Point, Cleveland Open Cup, deg. fahr. 385 385 400 390 375 
Fire Point, Cleveland Open Cup, deg. fahr. 425 425 425 440 425 
Pour Point, deg. fahr. —10 -20 —10 0 —5 
Color, i ae ae & 3% 4} 2 4\%4 434 4 
Neutralization Number, mg. KOH_/g. 0.04 0.22 0.48 1.78 0.35 
Ash, per cent by weight Nil 0.15 0.10 0.09 0.12 
Carbon Residue, per cent by weight 0.10 0.36 0.23 0.26 0.21 
Metal in Soap te Ca Ca Al Ca 
Timken Film Strength, lb.! 7 30 7% 6 7% 
S.A.E. Extreme-Pressure Test ‘ 70 210 70 70 70 

® Base oil used only in Brand A which contains 1.33 per cent calcium dichlorostearate 

* Conditions of test — Frame and Graham method, 450 r.p.m., see Oil and Gas Journal, Vol. 31, p. 14 (Jan 1933) 

© Conditions of test 450 r.p.m., 83.5 Ib. per sec. loading rate and 14.6:1 rubbing ratio. 


tions, keeping in mind, of course, that the final test of an oil 
as a suitable Diesel-engine lubricating oil must be made in 
the engine. In one method of conducting the detergency test, 
specimens of white cloth are soiled in a standard dispersion 
of lampb.ack in lubricating oil corresponding to what might 
be considered synthetic used crankcase oil, and the soiled 
specimens are then subjected to a washing operation wherein 
the cleaning fluid consists of an equal-volume mixture of 
Stoddard solvent and lubricating oil to which has been added 
the compound being tested for detergency. The washed cloth 
is then Stoddard solvent until no more lamp- 
rinsings. The efhiciency of the detergent 
agent is denoted by the grayness of the cloth in comparison 
with a blank test in which no added detergent is employed in 
the washing fluid consisting of an equal-volume mixture of 
Stoddard solvent and the straight mineral oil. A variation 
which is easier and gives more consistent results is to add a 
measured quantity of the lampblack dispersion to the dry- 
cleaning solution containing the detergent, and simply wash 
the white piece of cloth in this mixture. In this latter case, the 
amount of lampblack picked up by the cloth is obviously 
inversely proportional to the detergent power of the washing 
solution. A blank test is made on a duplicate piece of white 
cloth using another portion of the same cleaning solution of 
lubricating oil and Stoddard solvent, with added lampblack 
but without the addition of the detergent agent. 

Of the various crankcase oils available on the market only 
those which contain soap-type addition agents show a high 
order of detergency by the foregoing methods. In this con- 
nection, the only oils which have been found to meet a high 
standard for anti-ring-sticking properties prescribed by a major 
Diesel-engine manufacturer are the soap-containing oils. 

The soaps found currently in Diesel-engine lubricating oils 
manufactured in this country include aluminum naphthenate, 
which has been used in “castor machine oils” for a relatively 
long period of time, calcium naphthenate, calcium oleate, 
calcium phenyl stearate, and calcium dichlorostearate. In the 
following we shall discuss in particular calcium dichloro- 
stearate because it has found widespread commercial use and 
because this particular compound illustrates the principles 
forming the subject of the present paper. 


with 
black appears in the 


rinsed 


However, for the 
sake of comparison or illustration, soaps other than calcium 
dichlorostearate will be referred to, but only by code. Table 1 
shows laboratory inspection data on a suitable naphthenic base 
oil and four commercial oils containing soap-type compound- 
ing agents. 

A decision to employ the soap type of addition agent in 


crankcase oil has an influence upon the seiection of the base 
oil. Obviously the oil and soap in the proportions used must 
be compatible, and one would expect to use a base oi! which, 
when used alone, gives the minimum difficulty from rng 
sticking and sludging. Both of these requirements are met 
by well-refined naphthenic oils, but it is not to be understood 
that other types of oils cannot be used with suitable com- 
pounding agents. Certain soaps which have a beneficial effect 
upon naphthenic oils also produce a marked improvement in 
the performance of parafhinic oils. This point is illustrated in 
Fig. 1 which shows the results of comparable Diesel-engine 
tests in which the same soap was used (being compatible with 
either naphthenic or paraffinic oils in the proportions used ) 
with the two different types of base stocks. The naphthenic 
oil was a thoroughly acid-treated distillate from a non-waxy 
California crude, and is being used commercially with excel 
lent results as the base stock for a brand of soap-compounded 
Diesel-engine oil. The paraffinic oil is a commercial product 
which has given excellent results in passenger-car gasoline 
engines, particularly as regards sludge and carbon deposition. 
It will be noted from the photographs of Fig. 1 that, when 
the two oils are used without compounding agents, the naph- 
thenic oil gives a cleaner piston condition, and that the addi- 
tion of the soap to the paraffinic oil makes a very marked 
improvement in its performance, making it definitely better 
than the uncompounded naphthenic oil, although slightly 
inferior to the compounded naphthenic oil. 

In order to obtain information on the correlation between 
detergency value and piston condition, the same base oil was 
blended with different soap preparations having widely dif 
ferent detergent properties (the same weight percentage and 
practically the same molal concentration of soap being used 
in both cases). The two blends were tested under identical 
engine conditions, using new liners and pistons in each case. 
The results obtained are illustrated by Fig. 2 which shows the 
piston conditions at the end of 250 hr. of operation at 75 |b. 
per sq. in. b.m.e.p. and 920 r.p.m. Neither piston shows ring- 
sticking at this point, but the greater overall cleanliness in 
the case of the piston run on the oil of high detergency 1s 
quite definite. It should be pointed out that the black lac- 
quers deposited on the outside of the piston may do no harm 
in themselves, but are good indications of the extent of ac- 
cumulations in the ring-grooves and on the piston-ring sides. 

Fig. 3 shows photographs of a piston after rooo hr. of oper- 
ation under constant full-load conditions on a blend of the 
acid-treated naphthenic base oil to which had been added 1.33 
per cent by weight of calcium dichlorostearate, and a piston 
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NAPHTHENIC> OIL 
WITHOUT SOAP 


NAPHTHENIC OIL 
WITH SOAP 





ig 





- PARAFFINIC OIL 
WITHOUT SOAP 


PARAFFINIC OIL 
WITH SOAP 


Fig. | -Effect of soap-type add’tion agent on selected 
naphthenic and pareffinic oils — same test conditions in each 
run 


which has been operated for only 270 hr. under the same con- 
ditions on a high-quality straight mineral oil which had been 
recommended for Diesel-engine service. Fig. 4 shows a com- 
parison of oil-filter elements after operating for a comparable 
length of time on the naphthenic oil containing calcium di- 
chlorostearate on the one hand, and a high-quality straight 
mineral oil on the other hand. 


Film Strength 

The importance of high film strength in the successful 
operation of Diesel engines has not been recognized generally 
in the past. At the present time it is perhaps difficult to 
demonstrate the advantages of high film strength in passen- 
ger-car gasoline engines, but carefully controlled tests on 
Diesel engines, including mass-production records from fac- 
tory operations, have shown conclusively the desirability of 
high film strength in combination with oiliness and anti-ring- 
sticking properties for Diesel engines. 

At this point it is desirable, in our opinion, to differentiate 
between film strength and oiliness, because we find so often 
that these terms are used interchangeably, which condition 
can lead only to confusion. To us, film strength is that prop- 
erty of the oil which permits two pieces of metal to be rubbed 


at a given velocity under pressure without seizing, galling, 
scuffing, or scratching. Film strength per se is not concerned 
with friction or wear under normal load conditions, but is 
concerned with that point of loading at which the metal 
surfaces become changed visibly in structure through appar 
ently excessive abrasion, galling, melting, or welding. 

In the light of the more recent studies of the property 
called film strength, the preservation of the surface structure 
under high loads and rubbing velocities possibly is through 
an anti-welding effect which permits protuberances or high 
spots in the metal surfaces to flow and level off without 
microscopic welding of the two surfaces which would result 
in tearing away metal as the surfaces move with respect to 
each other. If one of the surfaces is composed material 
which is quite soft, the high-spots in the softer surface tend 

be smoothed out readily, but the protuberances in the 
surface of the harder metal will continue to tear out particles 
from the softer surface, giving progressive wear, as evidenced 
lyy the accumulation of minute metal chips in the lubricating 
oil. Seizure or galling under such conditions is, of course, 
impossible because the temperatures required to weld the two 
surfaces are probably never reached since the tensile strength 
of the softer material is usually so low that insufficient energy 
is expended in tearing away the softer metal particles to raise 
them to their melting point. With two well-hardened sur 
faces, on the other hand, the tensile strength of the surface 
material is usually sufficiently high to hold the high-spots in 
place until the pressure has risen to such a point that the 
energy expended in moving the high-spots along the direction 
of slide is suffictent to cause softening. 


At this point the film 
strength 


prevent 
softened high-spot to the other surface, 


agent must intercede and attachment of the 


and thereby provid 
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Fig. 2—Effect of detergency on piston cleanliness 


A-Washed cloths from laboratory detergency test 

B- Piston from run on base oil A plus soap f relatively low 
cetergent power 

C- Piston from run on base oil A plus soar 
teraen? power 
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the opportunity for the softened spot simply to level off in its 
parent surface. 

It will be concluded trom the foregoing paragraph that film 
strength can have little or no influence when the rubbing 
surfaces are of sufficiently dissimilar material to avoid weld 
ing and when the surtaces, even though sufficiently similar in 
composition to permit welding at high temperatures, are 
insufficiently high in hardness and tensile strength to permit 
the building up of high pressures at the protruding points 
before the protuberances are deformed or torn off the metal 
surface. This condition probably explains the difficulty in 
establishing evidence of beneficial effects of film-strength 
agents added to the oils used in passenger-car gasoline en 
gines where the combination of rubbing surfaces of extreme 
hardness is rarely met. In the Diesel engine, on the other 
hand, it is customary for the sake of long life under normal 
wear conditions to be discussed later, to employ hardened 
liners of special alloys. 





Piston after 270-hr. test on 
high-quality mineral oil- 
failure from ring-sticking 


Piston after a 1000-hr. test 
on calcium dichlorostearate 
blend —test conditions: 75 
lb. per sq. in. b.m.e.p. at 
920 r.p.m. 
Fig. 3 


Thus the tunction of the film-strength agent added to the 
lubricant separating the rubbing surfaces is to save the sur 
taces trom severe damage in case of emergency. As long as 
the pressure is relatively low and the oil is capable of separat 
ing the high-spots on the surfaces, we have what may be 
termed normal operating conditions, and the film-strength 
agent is not needed. However, as soon as some disturbing 
element enters the picture, threatening to disturb the tranquil 
condition of either surface, such as, for example, a metal chip 
or other abrasive material of sufficient size finding its way 
between the surfaces or a decrease in thickness of the oil film 
permitting interlocking of surface high-spots, the film-strength 
agent is needed in much the same manner as a policeman is 
needed in the case of a social disorder. 

The degree of film strength which experience has shown 
to be desirable for the prevention of scratching or scuffing in 
Diesel engines can be detected by the use of one of the con 
ventional extreme-pressure lubricant testing machines, such as 
the S.A.E., Timken, and so on. Although any one of the 
conventional machines probably can be used in controlling 
the film strength of the compounded Diesel-engine lubricating 
oil, it is convenient to employ the Timken machine. As a 
rough working basis for plant control, a minimum of 15 lb. 
loading on the Timken film-strength machine in combination 
with a soap-type addition agent appears to be desirable. This 
order of film strength can be obtained by the introduction of 
two chlorine atoms into the organic acid radical of the soap, 
as in the case of calcium dichlorostearate. 

Fig. 5 shows photomicrographs of the surface condition of 
the rubbing faces of two rings from two strictly comparable 
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A 


Fig. 4-Oil-filter elements after comparable tests on A 
straight mineral oil, and B compounded Diesel-engine oil, 
respectively 


tests and illustrates failure due to insufficient film strength. 
A study of the surface conditions as the test progressed indi 
cates the mechanism whereby scratching or scuffing reached 
a point where failure was certain in the case of one oil as 
contrasted to the satisfactory working conditions under the 
highest loading with the other oil, which contained 1.33 per 
cent calcium dichlorostearate. 

Fig. 6 shows a piston-ring roughly one-third worn away on 
one side as the result of operating at 102 lb. per sq. in. b.m.e.p. 
for approximately ¥, hr. after scratching had occurred. The 
oil in this case carried a very efficient soap as regards the 
prevention of ring-sticking and wear under normal operating 
conditions of 75 Ib. per sq. in. b.m.e.p., but showed a Timken 
film strength of only 7 lb., which is typical of ordinary min 
eral oils. 


6 HOURS 


27 HOURS 





35 HOURS 





OIL A, CONTAINING 
1.33% CALCIUM DICHLOROSTEARATE 


MAGNIFICATION «= 50 x 


Fig. 5—Ring-surface structures developed in progressively 
loaded engine test (each ring notched before test for 
photographic orientation} 
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Fig. 6—Top compression ring badly worn in 30 min. opera- 

tion at 102 Ib. per sq. in. after scuffing started. Oil used has 

excellent anti-ring-sticking properties but only ordinary film 
strength 


Betore compounded lubricating oils attained appreciable 
importance, Diesel-engine manufacturers found by experience 
that the use of hardened liners of special alloys gives a mate 
rial reduction in wear under ordinary or non-scuffing con 
ditions which prevail most of the time. However, the harden 
ing of the surfaces of cylinder liners and rings, which reduces 
normal wear, apparently increases or emphasizes the danger 
of destruction from scuffing or scratching when normal lubri 
cation fails. To revert to the use of softer surfaces would be 
an obvious mistake, and a better solution appears to be to 
improve the lubricating oil for the purpose of preventing 
scuffing or scratching from getting a foothold, and to aid in 
polishing out incipient scratches. 

Through the use of a film-strength element incorporated 
into the soap-type addition agent, it has been possible practi 
cally to eliminate scratching and scuffing under even severe 
operating conditions and to shorten the break-in period neces- 
sary on new installations. Not only has it been possible to 
reduce the break-in period required before the engine can be 
put to work, but the surface condition of liner and rings has 
been improved so greatly through the use of the foregoing 
combination during the break-in period that a greater degree 


of insurance of satisfactory operation and longer service has 
been realized. 


Oiliness 

We recognize that the definition of “oiliness” is still a 
controversial matter, but we have found the following defini 
tion of oiliness helpful in our investigation of lubricating-oil 
addition agents. To us, “oiliness” is that property which 
results in reduction in wear under normal operating condi- 
tions. We believe that experience probably will reconcile this 
definition with the thought that oiliness also reduces friction 
or temperature rise, because the oiliness agents (according to 
our definition) with which we have been concerned most 
have been found to reduce friction as shown by the load- 
torque curves obtained on the Faville-LeVally machine,? and 
are of the type which have been reported to reduce temper- 

3 See “Evaluation of Extreme-Pressure Lubricants,” by C. A. Crowley and 
F. A. Faville, presented at the Section Regional Transportation Meeting of 
the Societv, Chicago, Ill., Sept. 29, 1937. 

*See National Petroleum News. Nov. 3, 1937, pp. R-288-R-292: “New 


Apparatus for Determination of Oiliness in Lubrication.” by A. W. Ralston, 
FE. J. Hoffman, and E. S. Stephens. 


ature rise when tested in the Armour machine.* As pointed 
out in a previous section, we differentiate between wear which 
takes place under normal operating conditions when scratch- 
ing or scuffing is not a factor, and the abnormally high rate of 
wear which takes place under scuffing conditions. 

A theoretical explanation of the prevention of wear must 
proceed from an exposition of the process whereby normal 
wear occurs. Unfortunately the information on the mech 
anism of normal wear is not as convincing as one would 
desire, but it appears that both mechanical abrasion and 
chemical corrosion of cylinder-walls and ring faces must be 
taken into account. With regard to the relative importance 
of abrasion and corrosion, data on the conditions under which 
the engine is operating are necessary before a distribution can 
be attempted. Thus a Diesel-powered tractor operating in a 
dusty section with the air cleaner in poor condition suffers 
more from abrasive wear than from cylinder-wall corrosion; 
whereas the same tractor doing logging work in snow-covered 
country suffers probably very little from abrasive wear and 
many times more from corrosive wear. Obviously, the ideal 
oiliness agent is one which will protect against both abrasive 
and corrosive cylinder-wall wear. 

High-molecular-weight organic compounds of the oxy 
genated type appear to be particularly effective as oiliness 
agents. These compounds include organic acids, soaps, 
ketones, aldehydes, and esters. All of these compounds have 
oxygen in what is termed “carbonyl” type of combination, 


that is C =o. This type of oxygen combination is consid 
ered by organic chemists to be reactive through residual or 
wandering valences. This degree of activity of the ‘C = 0 


configuration probably influences orientation and adsorption 
on the metal surface (and on the surface of abrasive particles) 
to a much more pronounced extent than would be possible 
with straight hydrocarbon compounds. On account of the 


C =o part of the organic compound being the focal point 


4 


for orientation and adsorption on the metal surface, it appears 
logical that this function can be performed more freely when 


the C =o group is bounded on only one side by a long 


hydrocarbon chain. Thus organic acids and aldehydes should 
show the greatest adsorption tendency, whereas esters of high 
molecular-weight acids with high-molecular-weight alcohols 
should show the least of the oxygenated-type compounds con- 
taining the carbonyl group. Soaps of organic acids theoreti- 
cally offer excellent opportunities for orientation and adsorp 
tion on the metal surface for two reasons: first, there is 
normally a certain amount of free acid associated with oil- 
soluble soaps and, second, the metal atom divided between 
two or more organic acid radicals probably presents less 
hindrance to orientation and adsorption than a long hydro- 
carbon chain. The rather loose combination of organic acid 
with metal in the soap-type compound is fortunate from an 
oiliness point of view, but presents a definite problem from 
the standpoint of bearing corrosion as discussed later. 
Regardless of whatever theory is preferred, carefully con 
trolled engine tests have shown that the wear occurring under 
normal operating conditions is reduced to a remarkable ex 
tent through the use of properly chosen soap-type addition 
agents. A rather well-established cylinder-wear figure (maxi 
mum wear, top of ring travel) for a particular Diesel engine, 
5% in. by 8 in. cylinders, operating continuously at 75 lb. per 
sq. in. b.m.e.p. and 850 r.p.m., is about 0.005 in. per 1ooo hr. 
with high-grade mineral oil under clean air conditions. With 
the compounded Diesel-engine lubricating oil containing 1.33 
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per cent calcrum dichlorostearate, for example, the wear was 
found to be approximately 0.0008 in. per 1000 hr. Further- 
more, the little wear that did take place with the compounded 
oil was rather uniformly distributed around the cylinder. 
Comparable reductions in ring wear were obtained during the 
same tests. In actual field operations, wear figures usually 
run from 0.005 to 0.015 in. per 1000 hr. when operating on 
straight mineral oil. In a field test involving five Diesel 
powered tractors, the oil containing calcium dichlorostearate 
was found to give an overall average cylinder wear of 0.0017 
in. per 1000 hr. as shown in Table 2. Reduction in wear in 
other parts of the engines also has been noted, as might be 
expected. It is estimated that the reduction in wear through 
the use of properly chosen soap-type compounds will add 
many thousand hours to the useful life of the average Diesel 
engine. 


sefore leaving the subject of oiliness, it is perhaps desirable 
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to review briefly the relationship between oiliness and film 
strength. According to our viewpoint, the oiliness agent, 
represented by the oxygenated portion of the soap or organic 
acid molecule, is active under all ordinary operating condi- 
tions, being tghtly adsorbed on the metal surface and giving 
a film which tends to protect against both abrasion and corro- 
sion as long as temperatures and pressures do not exceed 
some critical values. The film-strength element, such as 
chlorine, in a suitable carrier compound, such as dichloro 
stearic-acid soap, is held in an inactive state under the ordi 
nary operating conditions when the oxygenated type of 
oiliness agent is sufficient to satisfy the lubrication require 
ments. With increasing temperatures and pressures, however, 
the oxygenated type of oiliness agent is no longer capable of 
handling the load, and these same conditions must activate 
the film-strength agent to a point where it steps into the 
breach and saves the situation. It is probably true that, under 





Table 2—Results of Field Tests of Diesel-Powered Tractors 





Using Compounded Oil Containing Calcium Dichlorostearate 


All cylinders 534 in. x 8 in. displacement 
‘‘A’”’? measurements taken longitudinal, “B’’ measurements transverse 
These measurements show deviation from 5.7500 in., which is nominal standard liner diameter 


Position 1 is 
Position 2 is 
Position 3 is 
Position 4 is 10 


15¢ in. from top of liner 
25% in. from top of liner 
634 in. from top of liner 


in. from top of liner 


Position 5 is 12%4 in. from top of liner 


Measurements made at temperature shown 


Position No. 1 Position No. 2 





Position No. 3 Position No. 4 Position No. 5 
Cylinder —__—_—— ~ _ $$ _______. -—___—_—_—~-__—_ 
Number A B A B A B A B A B 
Tractor No. 1 
Total Hr., 989; Temperature, 88 deg. fahr 
l +0.0044 +0.0044 +0.0003 +0.0018 +0.0003 +0.0019 —0.0002 +0.0018 -—0.0016 +0.0001 
Z +0.0025 +0.0020 +0.0010 +0.0012 +0.0008 +0.0020 0.0000 +0.0022 —0.0020 +0.0003 
3 +0.0032 +0.0040 +0.0005 +0.0021 +0.0008 +0.0026 +0.0008 +0.0023 0.0000 —0.0005 
Average +0 .0034 +0.0035 +0.0006 +0.0017 +0.0006 +0 0022 +0.0002 +0.0021 —Q .0012 0.0000 +0.00131 
Tractor No. 2 
Total Hr., 1070; Temperature, 70 deg. fahr. 
1 +0.0035 +0.0057 +0.0013 +0.0032 +0.0022 +0.00388 +0.0020 +0.0042 0.0000 +0.0017 
2 +0.0030 +0.0020 +0.0004 +0.0004 +0.0015 +0.0013 +0.0002 +0.0023 —0.0018 —0.0003 
3 +0.0029 +0.0042 —0.0002 +0.0011 +0.0012 +0.0012 +0.0007 +0.0016 —0.0035 


Average +0.0031 +0.0040 +0.0005 +0.0016 +0.0017 


—Q .0012 


+0 .0021 





+0.0010 +0.0027 —0.0018 +0.0001 +0.00168 
Tractor No. 3 
Total Hr., 1130; Temperature, 70 to 80 deg. fahr. 
1 +0.0032 +0.0049 +0.0008 +0.0029 +0.0014 +0.0022 +0.0012 +0.0025 -—0.0009 —0.0001 
2 +0.0019 +0.0043 0.0000 +0.0028 +0.0005 +0.0028 +0.0005 +0.0024 —0.0002 —0.0003 
3 +0.00388 +0.0042 +0.0008 +0.0031 +0.0015 +0.0041 +0.0015 +0.0042 +4+0.0005 +0.0005 
Average +0.00380 +0.0045 +0.0005 +0.0029 +0.0012 +0.0030 +0.0011 +0.0030 —0.0002 0.0000 +0.00190 
Tractor No. 4 
Total Hr., 996; Temperature, 70 deg. fahr. 
1 +0.0063 +0.0055 —0.0005 +0.0023 +0.0003 +0.0020 +0.0003 +0.0020 —0.0008 +0.0002 
2 +0.0038 +0.0041 +0.0001 +0.0014 +0.0005 +0.0013 +0.0001 +0.0015 —0.0010 0.0000 
3 +0.0049 +0.0041 +0.0010 +0.0015 +0.0018 +0.0021 +0.0010 +0.0024 —0.0008 


Average +0.0050 +0.0046 +0.0002 +0.0017 +0.0009 


+0 .0003 


+0.0018 


+0 .0005 +0 .00160 


+0.0020 —0.0009 +0.0002 


Tractor No. 5 


Total Hr., 
+0.0033 +0.0055 
+0.0015 +0.0038 
0022 +0.0038 
+0.0025 +0.0030 


+0 .0022 
+0 .0010 
+0.0010 


mn 
% . 


— 


Average +0.0024 -+( 


0040 


941; Temperature, 108 deg. fahr. 


+0.0037 +0.0021 +0.0033 +0.0015 +0.0035 +0.0013 +0.0015 
+0.0023 +0.0013 +0.0028 +0.0005 +0.0023 —0.0006 +0.0008 
+0.0022 +0.0010 +0.0023 +0.0010 +0.0023 —0.0005 +0.0010 
+0.0017 +0.0018 +0.0020 +0.0025 +0.0020 +0.0018 +0.0010 +0.0008 
+0.0015 +0.0025 +0.0016 +0.0027 +0.0013 +0.0025 +0.0003 +0.0010 +0.00198 








Composite of Average Measurements of All Cylinders of Above 5 Tractors 
Average Hr., 1025; Average Temperature, 82 deg. fahr. 


+0.0034 +0.0041 +0.0007 +0.0021 +0.0012 


+0.0024 +0.0008 +0.0025 —0.0006 +0.0003 


Overall Average 0.0017 
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these extremely severe conditions in which the film-strength 
element is operating, the rate of wear is considerably greater 
than under normal operating conditions but, without the 
presence of the film-strength element, complete failure would 
be experienced. As soon as the emergency conditions are 
passed over and normal conditions prevail again, the film 
strength element ceases to be active, and the oiliness agent 
resumes the load. 

Up to this point it has been shown that detergency, film 
strength, and oiliness are very desirable properties of a mod- 
ern Diesel-engine lubricating oil. It is of interest to point out 
that all of these properties are exhibited by the oil-soluble 
soaps of dichlorostearic acid. As a commercial development 
which has found widespread use during the past year atten 
tion is directed particularly to the calcium soap of this acid. 
Aside from film-strength considerations, the calcium soap ol 
ordinary stearic acid cannot be used directly because of its 
well-known grease-setting properties, but chlorination reduces 
the melting point of stearic acid from 160 deg. fahr. to below 
o deg. fahr. (when unchlorinated stearic and the monochlor 
acids are removed), with the result that the chlorinated acid 
is miscible with mineral oil over a wide range of temperatures 
and concentrations. Likewise, the calcium soap is soluble in 
mineral lubricating oil. Thus, chlorination of the fatty acid 
radical of the soap contributes oil solubility and high film 
strength, whereas the oxygenated portion of the fatty acid 
radical and the very nature of the calcium soap furnish oili 
ness and detergency, respectively. 


Low Carbon-Forming Tendency 

The carbon formed on the piston should be of the soft type 
as contrasted to the hard or flinty type. This requirement 
appears to be important for the sake of preventing the accu- 
mulation of excessive carbon deposits under the piston crown 
and behind the first and second compression rings. Heavy 
carbon deposits under the piston crown interfere with heat 
transfer, causing high equilibrium piston-head temperatures 
which, in turn, cause high ring-belt temperatures. The forma- 
tion of hard carbon deposits behind the top compression ring 
prevents free movement of the ring, and may ultimately force 
the ring against the cylinder wall with sufficient pressure to 
cause failure from scratching. This action actually was ex- 
perienced with a particular soap-oil combination which is 





A 


Fig. 7—Scratching or scuffing caused by excessive accumula- 
tion of hard carbon behind top compression ring 
A-— Portion of scuffed piston and rings. 
B — Cut-away section of piston in A showing top ring being forced 
outward by carbon deposits. 





illustrated in Fig. 7. Hard carbon accumulating on the piston 
above the top ring is a potential source of scuffing of the liner. 

The amount and character of the carbon are controlled in 
practice, first, by choice of base oil, and second, by choice ot 
addition agent. The nature ot the carbon may be judged by 
the results of a coking distillation in an ordinary Engler flask 
at atmospheric pressure after some experience with the test in 
relationship to engine results. The influence of the addition 
agent also can be studied in a preliminary manner by the 
same coking distillation test, but the final test must be con 
ducted in the engine. The combination of calcium dichloro 
stearate with a properly chosen naphthenic-base oil has been 
found to give a particularly soft type of carbon. 


Stability Under Engine Conditions 

To obtain the full degree of benefit from the compounding 
agent, the base oil should be thoroughly stable against engin 
conditions. An oxidation stability of at least 15 hr. for the 
10-mg. point in the Indiana oxidation test has been taken as 
a primary control. This degree of stability usually requires a 
treatment of about 60 lb. of 98 per cent acid per barrel fo: 
California naphthenic distillate from San Joaquin Valley 
crude, and 30 to 40 lb. of acid per barrel for a high-quality 
Gulf Coastal distillate stock. 

The compounding agent also should be stable under crank 
case conditions. In the early stages of our experimental work 
on chlorinated soaps an investigation was made to determin¢ 
the stability of this type of compounding agent under various 
conditions. The stability of the chlorinated soaps was found 
sufficient to insure freedom from decomposition in the crank 
case, but appears to be suitable for the activation of chlorine 
to prevent scratching, galling, or seizing under emergency 
conditions which create high inter-surface temperatures. 


Corrosiveness to Bearing Metals 

According to our experience none of the soap-type addition 
agents found in the oils being marketed at the present time is 
appreciably corrosive to babbitt under the temperatures pre 
vailing, but all of these addition agents are definitely corrosive 
to cadmium-silver, copper-lead, and other “alloy-type” con 
necting-rod and main bearings. Consequently it has been 
necessary to restrict the use of the soap-type compounded 
Diesel-engine lubricating oil to those engines using only bab 
bitt connecting-rod and main bearings. 

It is obvious that, before the full degree of utility can b« 
realized with the compounded Diesel-engine lubricating oils, 
they must be made non-corrosive to the newer bearing alloys 
which appear to be necessary under high-speed, high-temper 
ature conditions. Consequently it is expected to be only a 
matter of time until an all-purpose, non-corrosive compounded 
oil will be available to Diesel-engine operators. 


Summarv 


Improvements in design and performance of Diesel engines, 
together with a more widespread usage of the smaller-sized, 
higher-speed Diesel engines, have emphasized the inadequac\ 
of ordinary straight mineral oils for this type of service. 
Marked progress has been made in overcoming the deficiencies 
of straight mineral oils through the use of soap-type addition 
agents. Several brands of this general type of compounded 
oil are now available to Diesel-engine operators. The prop 
erties exhibited by the soap-compounded oils include: 1. de 
tergency, which aids in preventing ring sticking; 2. high film 
strength, which reduces the danger of scuffing, scratching, or 


galling under adverse or severe conditions; 3. high degree of 


oiliness, which reduces wear under normal operating condi 
tions; 4. low carbon-forming tendency; and 5. adequate crank 
case stability, which promotes cleanliness of the engine and 
continuance of efficient lubrication. 























Tire Design Factors Influencing 
ontrol of Vibration 


By E. 5. Ewart 


U.S. Rubber Products, Inc. 


UNDAMENTALLY the automobile is a safe, fast, eco- 

nomical, and comfortable means of transportation from 

one point to another. The continued success of the auto- 
mobile industry will, as always, depend on continual improve 
ments not necessarily in speed, but in economy and ride com 
fort. A smooth or comfortable ride is obtained, in general, 
when all types of vibration are reduced to a minimum. 

There are four sources of vibration which contribute to 
rough or uncomfortable ride: 

First, the engine, but this is a problem for the car designer 
alone. All car users appreciate the improvements made in this 
respect. 

Second, the vibration existing in the driving system and 
chassis. 

Third, the road surface. Here the problem concerns the 
car and tire engineers as well as the road engineer. The object 
of car and tire engineers is to cushion the car body from the 
uneven or rough road surfaces over which the car must pass. 
Cushioning is essentially the absorption of the unevenness of 
the road surface by those parts of the car which separate the 
car body from the road. The pneumatic tire and the car 
spring act together to perform this function. 

Fourth, the rotating wheel, tire, and tube assembly. 

The marked reduction in vibration, to the standard existing 
in the present-day automobile, has contributed much to the 
statement now commonly made that “cars have reached a 
high point in comfort and safety,” with safety being the key- 
note through most recent car-engineering work. 

A review of the four principal vibration sources shows that 
tire vibration bears a direct relationship to the overall per- 
formance of the automobile. We have now reached a point 
where, in order to improve ride comfort, it is necessary for 
the car engineer and the tire engineer to cooperate in obtaining 
a smooth ride. In doing so the tire becomes an essential part 
of the car. 

The problem of tire vibrations was directed to the attention 
of tire engineers when the first balloon tires were found to 
increase the susceptibility of automobiles to this disturbance. 
Their contributions, which have appeared in the publications 
of this Society, manifest the interest that they have taken in 
this problem, which interest has continued up to the present 
time. 

Types of Tire Vibrations— The important tire-vibration 
problems with which the tire engineer constantly is concerned 
are shimmy, tramp, and those vibrations induced by road sur- 
faces and tread patterns. 

Soon after balloon tires were used in 1924, the shimmy prob- 
lem was directed to the attention of the tire engineer and, 
[This paper was presented at the Semi-Annual Meeting of the Society, 
White — Springs, West Va., June 14, 1938.] 


1 See S.A.E. Transactions, Vol. 32, May, 1933, pp. 191-196: “An Analy- 
sis of Tires and Wheels as Causes of *Tramp’,” by O. E. Kurt. 
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after much research work, a good control was established by 
providing more uniform and better balanced wheels and tires. 
Balance specifications of 30 oz-in. for the front wheels, and the 
same for the combination assembly balance of tire and tube, 
solved this problem until the development of the higher sus- 
tained speeds of automobiles in 1931 and 1932, which speeds 
brought in the vibration problem commonly designated as 
tramp. 

Adiscussion of causes of this type of vibration disturbance by 
O. E. Kurt at the Indianapolis Section of this Society’ estab 
lished that tramp could be controlled by better balancing of 
the wheel, tire, and tube assembly, and by obtaining more 
uniform wheels and tires with less radial runout. Runout 
caused by wheel or tire sectional eccentricity created variations 
in rolling radius of tires which set up periodical radial thrusts 
resulting in vibrations as disturbing as poor balance alone. 


Runout and Balance Control 


Radial runout has been reduced considerably by using wir« 
or steel wheels in the place of wood-spoke wheels. Improved 
manufacturing methods have provided tires of greater uni 
formity and, in combination with closer balance specifications, 
there has been a steady reduction in vibration of the tire-and 
wheel assembly. 

The following table shows the specifications for tire and 
wheel balance of three 1938 automobiles: 


Tire and Whee! 
Radial Runout, 
total in- 


Tire and Tube 


Assembly Balance, Wheel Balance, 


Car total oz-in. total oz-in. dicator reading © 
Car A 20 Front and Rear 12 3/64 
Car B 20 Front and Rear 15 3/64 
Car C 10 Front 15 1/16 
30 Rear 


It will be seen that the balance and runout requirements of 
cars differ, but these specifications are much closer than they 
were and are adequate to give minimum vibrations in the 
higher speed cars of today with their softer suspensions and 
smoother performance. 

The benefit of these controls is being extended to the field 
to help maintain the original high-quality performance of cars 
by cooperating with car service organizations to educate tire 
users when buying replacement or change-over tires. 

The year 1934 brought the next important reduction in tire 
vibration through the general adoption by many car engineers 
of the new low-pressure balloon tires in the 15 and 16-in. 
rim-diameter sizes. Tire inflation pressures of 24, 26, and 28 
lb. per sq. in. replacing 32 and 36 lb. per sq. in., permitted 
more comfortable and safer operation of the higher speed 
vehicles then being offered to the public. The adoption of a 
full line of low-pressure balloon tires as original equipment 
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RECORD LINE MOVES IN THIS DIRECTION. 


WHEN SEAT CUSHION IS DEPRESSED | 


PAPER MOVES 


Fig. 2-—Two successive runs 

over the same stretch of road 

at 30 m.p.h. using the same 

tires and inflation pressure 

gave reproducible results on 

the riding-comfort recorder as 
shown 





and engineered as a part of the car followed a two-year period 
when low-pressure balloon tires were sold in the field as re- 
placements on cars not designed for their use. The problems 
in connection with this change-over practice were many and 
varied and, although these tires did not give the fine per- 
formance of today’s tires, they did help to show the advantage 
of low pressure in the reduction of vibration. 


Instrumentation 


Some of the experimental data supporting this adoption were 
obtained by the use of a riding-comfort recorder which was 
developed to study the effect of vertical vibrations in the rear 
seat of an automobile. The conclusions resulting from the 
use of this recorder were found to be in accord with the 
averaged findings of different observers riding as a comfort 
jury. 

The equipment used is shown in abbreviated form in Fig. 
1. An iron plate, P, % in. thick, 13 in. wide, and 15 in. long. 
rests directly on the seat cushion, C, and carries three 50-lb. 
weights, W, bolted to the plate. The center of the weight 
nearest the front of the seat is connected by a flexible wire, F, 
over pulleys, /, and to the pen, G. The penholder moves up 
and down in the bearing, B, and the pen charts a record of the 
seat oscillations on the moving paper, R. The paper is driven 
by a connection to a fifth wheel, S, the ratio being 1 in. of 
chart equals 41 ft. of road surface, or 128.6 in. of chart equals 
1 mile. The spring, T, keeps the flexible wire, F, tight. 

Since the chart is driven by the fifth wheel, the same length 
of chart will be obtained in driving over a fixed course ir- 
respective of the speed. Charts obtained at different speeds, 
therefore, may be superimposed, and specific road bumps can 
be identified through a whole series of charts made on the 
same course. 

This equipment gave reproducible results as can be seen 
by inspection of the records in Fig. 2. These were obtained 
by successive runs over the same stretch of road at 30 m.p.h. 





























Fig. | — Riding-comfort recorder ree to all the effect 
of vertical vibrations in the rear seat of an automobile 


using the same tires and inflation pressure. One record 
shown in solid line, and one is dotted. The difference between 
the two lines defines the limit of accuracy of this equipment. 
The records are in good agreement in showing the individual 
bumps in this stretch of road 420 ft. long. By referring to 
Fig. 1, it will be seen that the seat-cushion movements are 
inverted on the charts. Direction of movements is indicated in 
Fig. 2, and is the same on all charts. 

A special course was prepared with obstacles consisting of 
30 two by two’s spaced 220 in. apart, or twice the wheelbase 
of the car, held in place by metal straps, and laid on the road. 
The fifth wheel projected beyond the obstacles so that they 
did not interfere with the movement of the chart. 

The records shown in Fig. 3 are of a 5.25-18 tire with 32 
lb. per sq. in. inflation in comparison with a 7.50-15 tire at 
14 lb. per sq. in. inflation. The 5.25-18 deflection under these 
conditions was 0.848 in., whereas the 7.50-15 was 1.279 in. or 
a difference of 0.431 in greater deflection for the low-pressure 
balloon. This particular example is one of a large number run 
and was picked out to represent the important conclusions 
drawn from the test that a reduction in vibration would result 
by the adoption of larger-section, lower-pressure, greater-de 
flection, balloon tires. A comparison of the two charts, both 
run at 15 m.p.h., shows that the differences between tires 
could not be expressed quantitatively, but an inspection of the 
curves, noting especially the jaggedness or roughness of the 
curves, indicates the effect of ride for the passenger occupying 
that particular car seat. 

It was observed in these tests that most of the vibrations 
occurring in the rear seat are forced vibrations which do not 
correspond with the natural frequencies for the tires, springs, 
chassis, and rear seat cushion or to a resultant frequency except 
under special conditions. For example, after a car passes over 
a large bump on to a smooth surface, the natural frequencies 
of the system will determine the rate of vibration during the 
period of damping of the original oscillation. 

The general adoption of low-pressure balloon tires as original 
equipment, with the obvious improvement in ride, quietness 
and vibration reduction, indicated the need for further studies 
of tire forces causing annoyance. 


Vibration Effect on Car Ride Comfort 


Much study has been made of the general problem of ride 
comfort. In analyzing all the data available by the many 
authors on the subject of ride comfort, we find good agreement 
that the problem is divided into two parts: one physical and 
the other psychological, the physical part being the study of 
the vibrations produced, the psychological one, the reaction 
of the human mind to the vibrations. 

Any thorough study of the subject must take into account 
both phases, and it is encouraging to see the recent impetus 
given to tackling present-day driving problems through psy- 
chological experiments directed to improving driving comfort 
and safety. Unfortunately, sufficient data are not yet available 
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to give much correlation to the physical side of the problem, 
and as a result, the tire engineers rely much on the experience 
gained through contacts with the public to determine the re 
quirements in tire performance. 

Most all of us, undoubtedly, at some time in our business 
lite, have had offices not very tar removed from shops con 
taining moving machinery and, when the power goes off, in- 
stantly have noted the change. Nearly all of us are working 
in atmospheres constantly vibrating, and we have learned to 
adjust to these conditions and find them not uncomfortable as 
long as there is no great change in the conditions. 

The same general application may be made when we ride 
in automobiles. There are constantly changing forces acting 
on our ear drums or on the body from continual changes in 
car speeds or road surfaces which the body muscles adjust to 
automatically if the degree of change is not too great. We 
can ride for considerable distances with reasonable vibration 
but, after a while, the body muscles will tire from the con- 
tinual adjustment, with resultant annoyance. The annoyance 
does not depend. on how great the vibration is, but only on 
how fast it is changing. A constant vibration, if not too great, 
is not uncomfortable. It may be said, from the work of other 
investigators, that riding comfort depends not so much on 
acceleration, but on the rate of change of acceleration. From 
this last statement it has been shown that riding comfort de- 
pends on the product of the amplitude times the cube of the 
frequency of the vibration. If more than one frequency exists, 
comfort will depend on the sum of the products of the cor 
responding amplitudes and cubes of the frequencies. 


Vibration Absorption of Tire Only 

To understand these conclusions better, experiments with 
ure vibration absorption when running over a test wheel were 
made.* 

Fig. 4 shows the vibration absorption of a tire running over 
a smooth-surfaced test wheel with wood blocks fastened to 
the wheel and running between the tire and the wheel. 

This figure shows the vibration obtained by running various 
size blocks between the wheel and the tire at two different 
inflation pressures and two different heights of bump. A 
decrease of 50 per cent in height has more effect on movement 
than does a 50 per cent decrease in inflation pressure. 

Fig. 5 shows the effect of velocity. For this experiment a 
block of wood *% in. thick and 2 in. wide was used. The 
amplitude of the vibration varies inversely as the square of 
the velocity of the tire; however, the frequency of the vibra- 
tion does not depend to any large extent upon the velocity of 
the tire. 

Fig. 6 shows the vibration of a heavy service tire and also 
of a passenger tire of zero velocity. The damping in the case 
of the passenger tire seems to be considerably greater than that 
of the heavy service tire. 





2See discussion by G. G. Havens of the paper: “Spring, Tire, and 
Shock-Absorber Testing Developments,” by S. W. Widney, presented at 


the Regional Transportation and Maintenance Meeting of the Society, 
Newark, N. J., Oct. 31, 1935. 


The results of these and other experiments support the con 
clusion that shock due to running over a bump that has small 
dimensions compared to the dimensions of the wheel, varies 
as the width of the bump and inflation pressure and inversely 
as the square of the velocity. There is more damping of a 
vibration as speeds increase and as inflations decrease, or as 
tire deflections increase. 

As previously mentioned most tire vibrations at the road are 
simple harmonics but, by the time they reach the car seat 
through the suspension system, they are forced vibrations dif- 
ficult to identify as tire vibration. 

Tires of today are a compromise to suit car performance. 
Any change in tire softening must be great enough to notice 
at the car seat; otherwise it is of little value in the overall prob 
lem of vibration reduction. 

It follows, therefore, that the future control of vibration in 
tires must necessarily be a cooperative control with the car 
engineers in the design of the complete suspension system and 
its effect on the total vibration received by the car passenger. 
Car engineers, in their queries and demands of the tire engi- 
neers to give them a rounder tread or a change in cord angle 
or other changes in tire design which they know would give a 
softer ride, must keep in mind that these items have a direct 
bearing on a number of other important factors for which 
they themselves have established standards in the performance 
of their cars. 


Present Tire Vibration Controls 

Experimental data presented thus far show that the major 
control in tire vibration is flexibility, obtained by large tire 
section and low inflation pressure which give greater deflection 
for the load carried. Good balance and uniformity of the 
rotating wheel and tire assembly are necessary to maintain 
the standard of performance. 

These conclusions are well supported by a mass of field data 
obtained through analyses of road-test results in several mil- 
lions of miles of tests, as well as by surveys of car and tire 
customer reactions extending over a period of many years. 
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Fig. 5— Effect of velocity on shock 


Tire Quality and Sizing Standards 


The automobile of today is an economical and highly de- 
veloped product, and it follows, therefore, that the car engi- 
neers will demand an equally refined tire for their cars. 

The tire of today is a safe, quiet, long-wearing, low-cost and 
economical resilient medium for supporting the load of the 
car and transmitting traction effort between the car and the 
road. The tire, being a load-supporting and traction-trans- 
mitting medium, must conform to engineering principles by 
not exceeding certain stress limitations in order to function 
adequately. These limitations are contained in the standards 
of the Tire and Rim Association. These standards are adhered 
to as closely by the tire manufacturers and car engineers as 
are the standards of automotive parts established by your So- 
ciety and are acceptable to nearly all in the automotive industry. 

Tires today are highly efficient because of the continual 
demands of car engineers and the public to improve them. 
They are designed to operate best within the load and inflation 
ranges established by the Tire and Rim Association. Pas- 
senger tires are most efficient when used at inflations between 
23 and 30 |b. per sq. in. Tire engineers are endeavoring con- 
stantly to have these specifications closely followed but have 
varying degrees of success. 

The past practice of the car engineer in the development of 
a new model was to reach that point in his designs and calcu- 
lations when he could determine the load to be carried by the 
rear tires and then select from the tables on tire loads and 
inflations a tire size just sufficient to carry the load at the high- 
est inflation permitted. He then called in the tire engineer to 
support his decision on tire size as disclosed by the table of 
standards. If he found the ride too hard after testing the first 
experimental model, it was the custom to redesign the springs 
and shock absorbers until a satisfactory ride was obtained. 
The practice of using a larger tire or consideration of the effect 
of tire size on vibration was unheard of because the car, as 
ultimately produced, satisfied the requirements of the engineers 
and public for performance and quality in that particular 
period of automotive development. This is not an extreme 
example as low initial cost always has had its influence on 
trade practice. 

Following the adoption of low-pressure balloon tires, 
changed car suspensions and weight distribution, all of which 
resulted in refinements to ride comfort and vibration, the 
practice has changed gradually until today the picture of 
the engineer deciding on tire size is much improved, although 
it is still not ideal. 

Although the load capacity still must be regulated by the 
inflation pressure used, tires today are capable of operating over 
a much wider range of inflations than formerly, thus giving 
the car engineer some selection in choice of tire softness. He 


is still limited in choice of size by load limitation established 


in the Tire and Rim Association standards but, in addition, 
very serious consideration is given to the effect of tire size on 
spring rates of the entire suspension system. 


The study of spring rates of the suspension system by car 
engineers and the effect on ride and vibration prompted inten- 
sive work along the same lines by tire manufacturers. Spring 
rate is the load required to deflect a tire a unit distance within 
the normal load range of the tire. 

A study of tire radial rates shows that spring rate of the 
tire is affected greatly by (1) inflation, (2) by the number of 
plies used (4 versus 6), but not greatly affected by load; there- 
fore, a large-section tire should be used to support a given load 
with a low air pressure, since low air pressure gives a low tire 
rate and absorbs road irregularities easier and produces less 
vibration. 

The following table gives a comparison of four combinations 
of tires with the same load and shows the improvement in 
spring rate by using a larger sized tire and a corresponding 
reduction in inflation: 


Radial Tire Rate, lb. per in. 


Corresponding 
Tire Rim Load, Inflation, Tire Rate, 
Size Size lb. lb. per sq in. Ib. per in. 
6.00-16/6 4.00E 1000 32 1285 
6.00-16/4 4.00F 1000 32 1230 
6.50-16/4 4.50E 1000 27 II10 
7.00-16/4 5.00F 1000 21 1010 


When the tire engineer is called in to discuss the tire sizing 
of today’s car, he finds that the tire with the smaller section, 
higher inflation, and higher spring rate still is being selected 
because of the lower initial cost to the car manufacturer. It 
is true that the tire may still be sized adequately for the load 
of the car and the inflation used, but this practice does not 
include the advantages of improved tire spring rates to reduce 
vibration. 

The car style and quality leaders who have chosen to use 
larger tires and lower pressures apparently have appreciated 
the value of this policy because they are continuing with the 
larger tires in spite of the urge to obtain lower initial cost by 
reducing tire size. 


Coordination of Tire and Car 


Tire manufacturers’ efforts to refine their product have re- 
sulted in extensive research programs directed to the study of 
tire-design factors and their relation to automobile performance. 
This study directly benefits the engineering of the automobile 
by providing a better knowledge of tire characteristics. 

The tire engineer has the problem of blending carefully all 
of the necessary performance qualities of a tire into a single 
design which will harmonize with the performance of the cars 
on which they will be used. The tire must not only perform 
satisfactorily when new, but also at its various stages of wear 
until smooth. It must satisfy the requirements of a wide 
range of car users, some of whom are sensitive to noise, some 
are particular about vibration, and others may complain of 
tire squeal. Still others may complain that the tires do not 
wear long enough, that they wear unevenly, or that the ap- 
pearance does not satisfy them. Although the percentage of 
these motorists to the total number using the tires is small, 
they are distributed almost evenly and, if the tire cannot be 
made to satisfy each of these owners, enough complaints result 
to make it disagreeable for the tire manufacturer and, in many 
cases, might carry back to the car manufacturer as a definite 
flaw in the balance of his product. These performance factors 
are related closely to each other, and any alteration of a single 
one mentioned might destroy the balance of other factors. 

Trained test drivers, under the direction of tire engineers, 
drive and ride the latest model cars of all makes many thou- 
sand miles every year. These cars are driven over all types 
of road surfaces in every part of the country under the same 
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conditions as the motorist drives in an effort to determine 
users’ reactions to car performance. Physical and psychologi- 
cal reactions to both tires and car are noted carefully, analyzed, 
and evaluated. These results have provided a new approach 
to many tire and car vibration problems and have contributed 
extensively to refinements in performance. 

The quieter tire of today is an important contribution by 
the tire industry. Tires having regularly spaced tread-design 
units around the circumference set up vibration from rolling in 
and out of contact with the road surface. The frequencies of 
these vibrations, at certain critical car speeds, create a tire 
noise closely resembling that of a noisy rear axle. It was found 
that altering the number of tread units only made a difference 
in the car speed at which the same vibration frequency was 
reproduced. Various combinations of irregular arrangement 
of tread block size and spacings in tires run over test wheels 
gave encouraging improvement and excellent leads for still 
better combinations. However, when used on the car under 
actual driving conditions, the character of the tire noise was 
changed entirely after part of the noise was transmitted 
through the wheels, springs, and chassis into the body and 
part transmitted through the air stream surrounding the car. 
A close study of the effect on the passenger occupying the seats 
in the car permitted development of a more pleasing noise 
character which was satisfactory at all driving speeds. 

The development of a quieter tire also provided a solution 
and a control of what could have been a very serious vibration 
problem. Tire anti-skid units, if not correctly proportioned, 
tend to wear irregularly and, at certain stages of wear, the 
front ends of the blocks become higher, like the lead edge of 
a saw tooth. This condition creates greater individual block 
impacts and the resulting vibration, although having the same 
frequency, has much greater amplitude. The vibration is 
sufficiently great under these conditions to be felt distinctly 
by the driver and can be noticed by other passengers. 


Expansion-Joint Noise 

Experience has shown that a given tire which performs 
satisfactorily for boulevard ride might be unsatisfactory to a 
small proportion of motorists for expansion-joint noise or 
bump, and such motorists will complain that their car ride is 
spoiled. It becomes a problem, therefore, to reduce this noise 
to a level sufficiently low to eliminate these complaints. It 
can be done to any tire by increasing the angle of the cord, 
that is, making the cord run straighter across the tire, which 
gives a softer ride with more folding effect around the ex 
pansion joints. If this change were made, however, the tire 
would lose stability and wind-drift performance, and we would 
merely be transferring complaints of expansion-joint noise to 
an equal number of complaints of poor stability and wind 
drift. Another way of solving this problem without losing 
too much stability would be to make the profile of the tread 
much rounder which would allow the tire to lead on to the 
expansion joints with a longer and slower contact. In this 
case, however, the tire tread would wear off more rapidly, 
and again we would be merely transferring complaints 
from expansion joints to an equal number of complaints of 
poor tread wear. ‘Tire designs and constructions today have 
reduced expansion-joint noise to a minimum consistent with 
the other quality factors demanded in tires. 

Another problem constantly confronting the tire engineer 
is the noise and vibration on brick and rough cross-drag con- 
crete roads. These surfaces create undesirable vibrations 
which are objectionable to the driver and passengers when 
traveling at speeds below 30 m.p.h. As speeds increase, there 
is more damping of these vibrations, but the tire casing, being 
an excellent resonating member, transmits the’ resulting 
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rumble both into the body through the suspension and into 
the air stream surrounding the car. 

Irregular spacing of tread units was found to be the best 
control in breaking up the undesirable vibrations excited by 
these surfaces. Softer tires and suspensions, with better insula- 
tion of chassis from the car body as well as a possible improve- 
ment in air-stream characteristics, appear to be the future 
improvements to alleviate these disturbances. 


Coarse Road Vibrations 


Within the past three years there has been a great increase 
throughout the country in the use of coarse-surfaced bitumi- 
nous-bound macadam roads. An analysis of the noise and 
vibration resulting from cars running over these surfaces 
showed the disturbance to be much the same as when running 
over brick and rough cross-drag concrete. The size of stone 
in the top course of the road contacting the tire determines the 
frequency of vibration in the tire at a given speed and the pitch 
resonance constantly changes with car speed. Tire vibration 
controls for this type of road surface are the same as men- 
tioned for brick and rough cross-drag concrete surfaces. 

Road surfaces in their present state of repair are limiting 
factors in immediate tire-vibration problems. The many thou- 
sands of miles of these roads already laid will be with us many 
years before they are replaced and, in spite of new improved 
highway engineering with improved surfaces, there appears 
to be no near future overall vibration reduction from road 
surfaces. 

The road surfaces to be given most consideration in the 
development of future cars and tires may be divided into two 
general classes: 

1. Those road surfaces such as brick, rough cross-drag con- 
crete, and coarse-surface bituminous-bound macadam which 
excite undesirable vibrations. 

2. Those road surfaces having irregularly but widely spaced 
obstructions such as repairs in ordinary concrete and black 
top, as well as expansion joints. These surfaces create spaced, 
short interval shocks for tires to absorb. 

Tire vibration for the first type of road conditions can be 
improved by softer tires and suspensions, as well as by better 
chassis insulation and improved air-stream characteristics as 
previously discussed. 

Tire vibration for the second type of road conditions can 
be improved by softer ride as previously discussed. 


Conclusion 


Throughout this whole paper it will be recalled that the 
most important contribution of the tire manufacturer in the 
control of tire vibration has been in the direction of softer 
ride obtained through the use of lower pressures permitted by 
larger section. The incidental controls brought out in the 
course of this discussion have been and still are important, 
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Fig. 6 — Effect of size of tire on damping — curves taken at zero 
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but it is felt that more consideration should be given to the 
use of larger-size tires. 

The importance of vibration reduction may bring out new 
car suspensions with lower spring rates without detriment to 
the other handling properties, and this development might 
make it unnecessary to use larger tires. It depends entirely 
upon the cost of car suspensions versus cost of increased tire 
size as to which will be the most economical improvement 
to use. 





Discussion 





Results of Changing from 
Original Specification 


—B. J. Lemon 
U.S. Rubber Products, Inc. 


ROM the standpoints of car control, ride, and economy, it is regret- 

table that car owners are influenced quite frequently to change the 
original-equipment tire specification when buying replacement tires. 

There are at least two reasons. One, undoubtedly, is that, in the 
distant past, the idea existed that some car makers skimped on tire sizes, 
and there were some facts behind this reasoning. Another influence has 
been pressure by salesmen to recommend installation of profitable acces- 
sories, including oversize and extra ply tires, in many cases regardless of 
the need or of operating economy. 

To one who for a decade was privileged to participate in the con- 
scientious effort made by car-design and ride engineers to coordinate 
springs, snubbers, and tires so that the customer received the best pos- 
sible car from rideability, roadability, and safety standpoints, the ama- 
teurish efforts of some owners, influenced perhaps by salesmen with 
axes to grind, to set themselves up as safety engineers and ride experts 
are extremely deplorable. For not only is the owner generally the loser 
from the ride, handling, and cost of operation standpoints, but the ca 
maker’s reputation suffers eventually because of changes that vitally 
affect ride and handling characteristics. 

A radical example of what happens when one changes tire sizes, plies, 
and inflations from the car makers’ recommendations occurred when the 
low-pressure tire came in as a replacement item on cars for which the 
tire was not designed. The balloon tire and the car maker both got 
black eyes. 

There are few occasions when operating conditions justify special- 
purpose passenger-car tires or changes in tire size, plies, and inflations, 
such as on the rear of cars towing trailers, cars running in cactus 
country or over very rocky and rutty trails. By and large it is safer, 
more economical, and more comfortable to stick to the original-equip- 
ment tire specifications that have been selected by the design and ride 
engineer after long periods of test covering all normal factors of car 
operation. 


Urges More Study on 
Vibration Problems 
— James H. Booth 


Buick Motor Division, General Motors Corp. 


N commenting on Mr. Ewart’s paper from the car engineer’s view, 

there are a few items that may be expanded slightly. In the first 
part of the paper Mr. Ewart states that the engine vibration is a prob- 
lem for the car engineer alone. This statement is true if only the 
natural frequencies of the engine are considered. However, the engine 
also should be considered as a sprung mass on its rubber mountings 
and, in this respect, it presents a definite chassis problem. 

When a forced vibration from the road surface is induced into the 
tire, it acts on a series of springs. The first of these is the tire, con- 
sidered as a spring between the road surface and the mass of the wheel 
and brake assembly. Second is the car spring between the unsprung 
mass and the sprung mass of the chassis. The engine mountings should 
be considered as another spring between the chassis and the engine. It 
a condition exists where the natural frequencies of the unsprung mass, 
the chassis mass, and the motor mass, are in harmony, and a forced 
vibration is induced by the road surface to the tire starting the various 
masses in motion, a very unpleasant shake is produced throughout the 
car. This type of vibration may be attacked by a change in inflation 
pressure which changes the spring rate of the tire, or by changing the 
spring rate of the car, of the frame, or of the motor mountings or shock 
absorbers. 

In commenting on shimmy and tramp due to runout and balance, the 
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writer is of the opinion that rear-wheel balance is as important as the 
front. Shimmy and tramp are outstanding when observed, but the 
shake caused by rear tire and wheel assembly unbalance or radial run- 
out results in a very unpleasant vibration, and is not quite so apparent 
as to cause. Shake, when coming from the rear wheels, apparently has 
the same fundamental source as the condition causing shimmy. 

When a forced vibration is induced by the road surface and the 
natural frequency periods of the sprung masses are not in harmony, the 
vibration naturally damps. However, when a forced vibration is in- 
duced by radial runout or wheel unbalance, the vibration has a definit 
frequency causing wheel hop. This wheel hop of a rotating wheel 
causes a component force to actuate the front wheels to produce shimmy 
or shake in the rear due to the gyroscopic action of the rotating wheel 
while hopping. 

The use of instrumentation for riding comfort permits the car engi 
neer to form some idea of the magnitude of the force. The type of 
instrument illustrated in Mr. Ewart’s paper shows the vertical move 
ments of the rear seat, but does not show side shake or fore-and-aft 
shake which can be just as uncomfortable as vertical movement, 
can originate from the same source. Present ride instruments are 
parative but not conclusive of a good ride. 

Referring to the author’s remarks on the effect of present tire practice 
on vibration, it is true that the large-section tire presents an improv 
ment in spring rate, but the writer has indicated a condition in cars 
where a large-section tire, with corresponding lower inflation and with 
correct balance, has produced a very unpleasant shake effect due to har 
mony of vibration periods with the existing spring rates. 

The trend of tire development management during the past few years 
has been to allow large sums of money to be expended for tire w 
development with very successful results. It appears that this 
problem, although not concluded, has reached the point where tir 
development management could divert some of these sums to a study 
of vibration problems. If the effort and sums of money applied in the 
past to produce a long-wearing tire are applied to vibration and othe: 
tire problems, some remarkable developments could be expected. 


and 
com 


eal 
weal 


Factors Contributing to 
Excessive Tire Wear 
—R. D. Evans 


Goodyear Tire & Rubber Co. 


WO of the points raised by Mr. Ewart might be examined a littl 

further. One of these is the proposition of using still larger tires 
operating at still lower pressures. A span of less than 20 years has scen 
passenger-tire inflation pressure steadily decreased from 70 or 80 |b. pet 
sq. in. to its present range of 20 to 30 lb. per sq. in. Along with this 
change we have seen also better durability, better handling charactet 
istics, better riding qualities, higher speed, and so on. However, the 
time already has arrived in the art of tire design such that any sub 
stantial improvement in any one of the three primary functions of a 
tire, namely cornering, cushioning, and durability, is secured by a 
definite lowering of one or both of the others. We are confronted very 
definitely with the onset of the law of diminishing returns, and careful 
scrutiny must be made whether some more economical way to a softer, 
smoother ride does not exist other than the long-used and much-abused 
one of lower and lower tire pressure. 

The other point calling for emphasis is the matter of maintaining, 
from the standpoint of vibration as affected by tires, the pristine excel 
lence of the automobile as the months and the miles pile up on it. In 
the modern vehicle, the tires are undoubtedly subject to a faster rate of 
wear, relative to the useful life of the car as a whole, than any othe1 
major component or accessory. Carelessness in application of tires and 
in observance of pressure recommendations; lack of attention to brake 
adjustment and condition of drums; short-cut designs for and hasty, 
inadequate methods of checking steering geometry and alignment con 
ditions — all of these contribute to a type of tire wear which is not only 
unnecessarily and uneconomically rapid but is also annoyingly conducive 
to reactive car vibrations. 


Other Factors Affecting 
Front-Tire Wear 
—J.C. Tuttle 


Goodyear Tire & Rubber Co. 


HERE are a large number of cars which cause front tires to wear 
irregularly. Tires may show several flat spots irregularly spaced and 
obviously not caused by tread design or tire construction. These tires 
will produce vibrations, but we should be concerned with the mileage 
loss also. 
Faulty steering and out-of-round brake drums are responsible for 
most of this wear. We should urge car engineers to consider means of 
improvement in both, particularly in steering. 

















Recent Developments in Piston- 


Ring Materials 


By B. A. Yates 


Chief Metallurgist, McQuay-Norris Mfg. Co. 


HE importance of the material of the piston 

ring has too long been relegated to the back- 
ground as compared with such design factors as 
ring proportions, ring loadings, circularity, point 
pressure, and so on; therefore, this paper concen- 
trates on the material factors—such as composi- 
tion, structure, and surface finish—which should 
go into the modern piston ring. The causes of 
piston-ring wear are analyzed and classified under 
three headings — abrasion, corrosion, and erosion. 


Various types of coating materials, both metal- 
lic and non-metallic, employed to reduce the se- 
verity of scuffing or scoring, are considered. Test 
results are revealed that indicate that superficial 
coatings reduce piston-ring wear from scuffing and 
erosion, and that a very thin coating of tin was 
more effective than other types of metallic and 
non-metallic coatings. 


P | manutacture of piston rings is one of the oldest 


specialized branches in the automotive field. As far 

back as 30 years ago there were manufacturers specializ- 
ing on piston rings, and from then until now that job has 
continued to be in the hands of specialists. At first glance the 
size and appearance of a piston ring would not seem to war 
rant all of this concentration of effort, but anyone familiar 
with the past and present developments of the piston-ring 
industry must realize that it has presented more problems to 
the motor builder, foundryman, and engineer than many 
larger and more complicated parts of a motor. 

Considerable effort has been made to improve the material 
in piston rings, but this effort can, in no way, compare with 
the discussion and concentration of effort that have been placed 
on its design. In fact, the importance of material has too long 
been relegated to the background in our concentration on 
such design factors as ring proportions, ring loadings, circu 
larity, point pressure, and so on. For that reason my com- 
ments will be limited to the material factors, such as com- 
position, structure, and surface finish, which should go into a 
modern piston ring. 

To begin with, we might analyze the causes of piston-ring 
wear. In a number of papers published by the Society during 
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the past several years, the writers have divided the causes ot 
cylinder wear into three general classifications, namely, abra 
sion, corrosion, and erosion. Since piston rings are a com- 
ponent part of the cylinder assembly, we can assume that 
these same tactors must affect the pertormance and naturally 
the wear lite of the rings. 

Of the three causes ot cylinder and ring wear probably the 
greatest single tactor, abrasion, has been the one most easy to 
eliminate. This abrasive wear is due to foreign particles in 
the engine assembly. Their presence might come from one 
of two sources - either as abrasive particles left there in the 
initial assembly or from accumulation during operation. 

The first source of abrasion has been almost entirely elim- 
inated by motor builders through the use of proper cleaning 
equipment during the various stages of manufacture. The 
builders have attempted also to give protection to the owner 
against the other source by providing proper oil filters, crank- 
case ventilator screens and, last but not least, suitable air 
cleaners which help to eliminate dust from the air-intake 
system. 

Attempts to reduce abrasive wear by changing the com- 
position and structure, and increasing the hardness of the 
cylinder and piston rings have shown but slight improvement, 
and quite generally have proved very disconcerting to the 
designing engineer. Any great improvement, therefore, in the 
reduction of abrasion causing cylinder wear and ring damage 
must come through the elimination of the cause rather than 
through an attempt to modify the effect. 


Corrosion an Elusive Factor 


In direct contrast to the ease of elimination of the abrasion 
is the factor of “corrosion,” which is probably the most 
elusive, and therefore the most difficult to provide protection 
against. The basic causes of corrosion are the natural results 
of the combustion process; however, the effects are influenced 
greatly by the temperature of operation of the engine. 

Thorough and quick warming-up and proper crankcase 
ventilation seem to afford the chief solution for this condition. 
Cylinder-bore and piston-ring materials more corrosion re- 
sistant than as used at present also might offer some improve- 
ment in this direction. 

Even where no abrasive is present and conditions are such 
that there is little or no corrosion of the metal surfaces, we 
will have metal-to-metal contact upon failure of the lubricat- 
ing oil film. This metal-to-metal contact in itself generally 
results in “erosion” or tearing-out of metal from one or both 
of the surfaces which are moving relative to each other. 

Erosion is, of course, due to the fact that the additional 
friction and heat caused by the metal-to-metal contact pro- 
duces an external force which exceeds the cohesive or adhesive 
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force tending to ictaiu tue metal at the surface. If this erosive 
effect takes place at a slow rate, the small particles of loose 
metal roll and slide over each other, developing smooth sur- 
faces. A slightly greater rate of metal removal results in 
scufhng, and a more rapid rate generally causes scoring. 

Regardless of the degree of this erosion, the primary cause 
is failure of boundary lubrication, allowing metal-to-metal 
contact. This condition is encountered particularly in new 
engines during the running-in period and in used motors 
during cold-starting. Table 1 shows the critical conditions 
during running-in and cold-motor-starting periods which re- 
sult from failure of boundary lubrication. 

Even though the problem seems to center on the function 
otf the oil at the point of boundary lubrication, improvements 
im oil characteristics have not been sufficient to offer much 
assistance. The problem is essentially one of proper mainte- 
nance of the oil film, rather than of oiliness characteristics. 

Working on the assumption then that no great improve- 
ment of the condition can be secured by providing more 
adequate lubrication, the only other possible solution would 
be to improve the metal characteristics of the cylinder wall 
and piston rings so as to offer greater protection against 
erosive conditions. 

The finish of the cylinder wall has come in for its share of 
importance, and most cylinders as finished at the factories 
today are free of surface blemishes which might tend to 
accelerate erosive conditions. However, due to mechanical 
and thermal distortions, these surfaces may take an entirely 
different shape and form at higher operating temperatures, 
creating high-spots and causing metal-to-metal contact be 
tween the cylinder and the picten avsemb! 

Attempts to decrease the erosive eflect Seis often pointed 
toward the use of alloy-hardened types of cast iron; however, 
the bulk of motors made today still use the conventional type 
of plain unhardened cast iron with little or no alloy content. 

Generally speaking, the foundry process for the production 
of cylinder blocks is so regulated that a fine ‘grained, highly 
wear-resistant structure results and the composition is in- 
tended to produce as fully a pearlitic type of cast iron as 
possible. Sometimes the results are successful. However, due 
to many causes, the structure quite often does not result in a 
fully pearlitic type of iron, but is that normally classed as a 
ferritic tyne. 

Fig. 1 is a photomicrograph taken at 100 diameters of an 
unetched cast-iron specimen cut from a cylinder wall. To the 


Fig. | (right) 
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RING PERFORMANCE AND NATURAL WEAR LIFE 





INFLUENCED BY FACTORS OF 





1 - ABRASION - more pronounced when lubrication fails, allowing abrasive and 
metal to come into intimate contact. 


2 = CORROSION - worst condition present when motor operated cold - protective 
oil film poor. 
3 EROSION - caused by failure of "boundary lubrication” 


» Gllowing metal- 
to-metal contact. 


Generally present during: 





A - Run-in Period - "Hot Scoring Damage” due to 
I - Rough, unmated surfaces of rings, pistons and cylinders. 
II - Initial blowby, due to unmated ring surfaces. 
III - Small piston and rod clearances. 
IV - Piston speed not high enough to float Hi-Unit rings off 
cylinder. 
B - Motor Starting - "Cold Scuffing Damage” due to 
I = Cold ofl will not spread - poor viscosity index. 
II - Starting choke with cold motor produces rich mixture, 
and poor vaporization, washing oil film froa surfe es. 
III =- Condensed gases of combustion, water and acids 
fere with lubrication. 


layman, the size and distribution of the graphite particles 
would appear normal; however, there is a fundamental struc 
tural difference revealed by the variation found in the graph 
ite pattern. 

Etching the same sample and viewing it at 100 magnifica 
tion as shown on Fig. 2, it will be 


found that the matrix 
surrounding the whorl or flakey type of graphite is normal 
or fully pearlitic whereas, in the area surrounding the 
pattern or rosette formation, there are areas which 
white and are entirely unlike the other structure. 
areas are constituents known as free ferrite. 
taining any 
“ferritic.” 


dot 
appear 
These larg 
and irons con 
amount of this material are to be classed 
Cast irons with a structure which is entirely fre« 
of this material are classed as pearlitic, 
show much greater wear life than the 
ferrite. 


as 


and they generally 
irons containing free 


Fig. 3 is a photomicrograph taken at 2750 diameters of the 
matrix surrounding the whorl or flakey- type graphite, and it 
will be seen that the area is of a lamellar type; that is, there 
are alternate layers of black and white 


, the black being iron 
carbide, Fe.C, 


and the white areas being ferrite. 
This ferrite is the same material as the “free ferrite” 


found 
in the structure illustrated in Fig. 2, the primary 


difference 


being that it is a part of the lamellar structure. The point to 
be made is this: 


That pearlitic irons do contain ferrite, but it 


Fig. 2 (left) - 
Ph otomicro- 
graph of same 
cylinder - bore 
section shown in 
Fig. | — etched 
at 100 diam- 
eters 
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is a part of a lamellar make-up, the intermittent layers being 
ion carbide. ‘Vhis iron carbide material is considerably harder 
than the territe, checking probably 800 to goo Brinell, whereas 
the territe may not run higher than 130 to 140 Brinell, 

the theory 1s that the hard layers ot iron carbide act more 
or less as small dowel pins in strengthening the structure as 
a whole. ‘these layers ot iron carbide not only tend to in 
crease the hardness and strength of the structure but, as can 
be visualized readily, if a condition exists whereby metal is 
apt to be torn trom the surlace, the thickness of ferrite re 
moved is held to a width equal to the distance between the 
two adjoining layers ot iron carbide. A structure of this type, 
in which we have a soit matrix containing a hard constituent 
well dispersed, is accepted generally to be the best bearing 
structure. Possibly this therefore aflords the explanation why 
pearlitic types of irons show exceptional wear characteristics. 

Fig. 4 1s a photomicrograph taken at 2750 of an area ot 
the matrix surrounding the dot pattern or rosette formation, 
and here are seen quite large areas of the free territe con 
stituent. It is this type of structure which, by adjustment of 
composition and cooling rates, the foundrymen and metal 
lurgists hope to eliminate, and in its place form a_ pearlitic 
type of structure. 

As stated, the type of structure occurring in cast iron is 
dependent primarily upon the composition and cooling rates. 
However, the method used in melting of the iron also plays a 
very important part in 
structures. 


controlling proper metallurgical 

Methods of metal conversion which allow tor proper re 
finement, deoxidation, and superheating, so as to secure com 
plete elimination of graphite nuclei, offer considerable help in 
producing irons free of this ferritic condition. When such 
methods are employed, there is generally allowed more lati 
tude in the base mix specification, and this condition, in turn, 
also helps to produce a better wearing structure. 

Factors such as wall thicknesses and mold temperature also 
exert an influence on this condition which does not always 
work to the benefit of the foundryman in producing the best 
structure. Here again, the practice must be so regulated to 
give the best structure commensurate with actual commercial 
problems. 

Research and development have progressed to the point 
that undoubtedly cast iron for cylinder bores will be produced 
in the very near future entirely free of this ferritic structure 


Fig. 3 (right) 
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and, it so, perhaps we can hope to have some possible im- 
provement trom this angle, 

Naturaily, the same tactors which are considered detri- 
mental to cylinder wear life exert their influence on the piston 
rings. ‘Lheir effects are, of course, more pronounced on the 
piston rings, since the relatively small bearing area of the ring 
sweeps a considerably large area of the cylinder. Therefore, 
the presence ot this objectionable constituent is of vital con 
cern to the piston-ring manufacturer. 

Considerable thought and effort have been expended upon 
the study of ring materials in order to eliminate this ferritic 
condition. Here again, however, the processes of ring com- 
position often are determined by the melting, molding, and 
general foundry technique. Quite often attempts made to 
eliminate this ferritic condition have introduced other prob- 
lems of considerably greater importance, since those factors 
which have to do with the production of a gray machinable 
type ot cast iron also exert great influence in the production 
ot free ferrite 

As yet, the makers of cast-iron piston rings have found no 
material which can be substituted successfully for silicon as a 
“graphitizer.” This statement especially holds true with those 
foundries which resort to the use of cast 1ron made by the 
cupola practice, where such factors as humidity of the atmos 
phere, oxidation, maximum temperature, and uniform anal- 
ysis are difficult to maintain properly. Cupola types of irons 
used for piston rings generally call for a silicon specification 
ranging from 2.75 to 3.00%, as this range is about the mini- 
mum at which gray-iron rings can be produced by this 
proce SS. 

The practice of using risers at the heel of the ring to allow 
the first iron to “bleed-off” is often resorted to in order to 
produce machinable castings; however, such attempts gen- 
erally result in a softer type of iron and more presence of free 
ferrite. 

Table 2 shows a comparative analysis of the specifications 
used by the various manufacturers. From this chart you will 
notice that the silicon content ranges from a minimum of 
approximately 2.20% up to 2.83%, indicating that casting 
practice is probably the regulating factor as to the percentage 
of silicon required. 

The last analysis on this chart is that as used by our com 
pany, where it will be noticed that the silicon drops to an 
average value of 2.20%. This percentage is permissible sinc: 


Fig. 4 (left) 
— Photomicro- 
graph of same 
cylinder - bore 
section shown in 
Fig. | — etched 
at 2750 diam- 
eters 
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Table 2 
COMPARISON OF ANALYSES USED BY VARIOUS RING MANUFACTURERS 
Total Graphitic Combined os . Phos- ans 
Maker i] ‘bo: bdo: Silicon = on Mengenese phorus oys 
"A" 3.75 3.11 62 2.79 069 63 50 none 
bad - bo 3.79 3.08 71 2.79 049 62 54 none 
@g* 3.84 3.14 70 2.76 064 -66 34 none 
"p" 3.70 3.06 64 2.78 053 +61 53 none 
"E" 3.78 3.12 66 2.76 054 -60 57 none 
bad dad 3.82 3.19 63 2.76 065 67 +24 none 
“or . 3.76 3.07 +69 2.83 046 68 69 none 
ba «a 3.77 3.21 56 2.74 032 271 53 none 
McQ-N 3.84 3.12 273 2.20 053 +66 75 none 


the material is an electric-furnace product, which process 
allows complete deoxidation, refinement, and superheat — all 
factors which are important in eliminating entirely the pres- 
ence of free ferrite. 

Other factors are shown on Table 2, such as total carbon, 
graphitic carbon, sulfur, and manganese, of course exert their 
separate influences. Here there seems to be a uniformity of 
opinion, since the specifications all check closely. 

The combined carbon, which ranges from a low of 0.56% 
to a maximum of 0.73% as shown on our own specification, 
is in some way a measure of the amount of free ferrite which 
might be found. The higher the combined carbon, generally 
the greater the amount of pearlitic structure and the lesser the 
amount of free ferrite. 

The phosphorus specification ranges from a low of 0.24% 
to a maximum of 0.75% as is now standard in our practice. 
The value of the presence of this element in cast irons for 
wear resistance has been a highly controversial matter for 
years. However, our records indicate to us that iron with a 
phosphorus content of 0.75% has a much longer wear life 
than iron with a lower phosphorus content, assuming all 
other factors to be the same. 

Generally, the higher phosphorus content is objected to 
since segregation is likely to take place, resulting in hard 
spots and brittleness. However, the electric-furnace process 
of melting has made it possible to use irons containing the 
higher phosphorus content and thereby add somewhat to the 
overall wear life. Also, as will be shown later, actual tests 
have proved the value of this constituent in reducing the 
setting or loss of tension of the rings under elevated tem- 
perature. 

Irons containing no free ferrite and having a close-grained 
pearlitic structure not only have better wear life properties 
and are stronger, but are generally harder. Often the slightly 
higher hardness will reflect no improvement in the general 
overall wear life; however, this higher hardness does insure a 
higher tensile property, and therefore allows a higher work- 
ing stress quality, assuming that the physical dimensions such 
as free gap and thickness are the same. The additional gain 
in ring-loading resulting from this type of iron will be shown 
later in the chart covering the increasing-temperature heat 
tests conducted on rings. 

Table 3 shows the Brinell hardness found on varying thick- 
nesses of rings made by various manufacturers. This chart 
shows the average Brinell to run from approximately 240 up 
to 280, the highest hardness being found on rings of our 
manufacture. This higher hardness is undoubtedly due to 
the base chemistry, method of melting, casting practice — no 
risers being required -and the structural composition. By 
structural composition is meant the mode and distribution of 
the graphite, the amount of free ferrite present, fineness of 


the grain size of the pearlitic areas, and the mode and occur- 
rence of the phosphorus bearing constituent, steadite. As will 
be shown in the following photomicrographs, all ot these 
structural components exist, and theretore should have some 
bearing on the final wear characteristics and _ physical 
structure. 

In providing sufficient ring loading characteristics, it is 
desirable to secure the correct amount of ring wall pressure 
by working the ring under stress. However, in doing so, 
since the ring must work at an elevated temperature, it is 
necessary that the structure resist breakdown, or what is 
commonly known as “ring set.” 

Any reduction in the ring loading characteristic will affect 
the performance, causing such difficulties as blowby and oil 
consumption; therefore, to insure continuing satisfaction to 
the user, the physical and structural characteristics should 
remain intact at elevated temperature. 

Fig. 5 shows the result of a test to determine the amount of 
“ring set” at increasing temperatures. The chart shows that, 
even though this test was made on rings all finished to the 
same dimensions, such as ring thickness and free gap, results 
varied considerably. 


Table 3 
VARIOUS RING WIDTHS 
ROCKWELL - SO MN HARDNESS CONVERTED TO BRINELI 
Ring Average Average Average 
Maker Section 5 1/16 x 3/32 § 5/6x1/8 51/16 x 5/52 5 5/16 x 5/16 _ Hood Gate 
"a" Heel 235 259 215 229 238 ) ese 
Gate 238 241 218 255 232 ) 
bi Heel 269 245 245 221 245 ) 242 
Gate 259 225 241 227 238 ) 
=ce Heel 252 241 269 252 258 ) 240 
Gate 265 259 241 285 245 ) 
"Dp" Heel 273 252 269 255 262 ) 254 
Gate 269 246 241 226 245 ) 
McQuay- Heel 508 285 269 279 285 ) p77 
Norris Gate 281 275 259 257 268 ) 


The rings were compressed to the correct diameter and 
heated for a period of 4 hr at the indicated temperature, the 
rings being measured for free gap and load qualities before 
and after each test, and the data plotted. 

As mentioned, the physical dimensions of these rings were 
all the same; however, as showu on the chart, our rings, due 
probably to their base chemistry and structural composition, 
showed loading values approximately 1 |b higher than those 
on the other rings tested. This 1 lb higher loading, of course, 
means that the ring as tested under the tempering test worked 
at a higher stress value. However, even though the ring was 
working under this higher stress, its per cent loss in original 
diametral loading at 600 F amounted to only approximately 
5%%. The other two manufacturers’ rings started with an 
average loading of approximately 11 lb and, even though 
they were stressed at a lower value, they showed a per cent 
loss in original diametral loading of approximately 12 to 
244%. 

In our opinion, the resistance to loss of original loading as 
found on the rings of our manufacture is due primarily to their 
base chemistry and structural composition. The base mixture, 
of course, includes the phosphorus element, and various in- 
vestigators have shown that irons containing higher amounts 
of phosphorus up to a value of approximately 0.80% do show 
lower set values than irons with a lower phosphorus content. 

In mentioning structural composition as being a factor in 
this heat test, we must not lose sight of the fine-grain char- 
acteristic of the iron. Several investigators recently have been 
inclined to state that coarse-grained irons show better wear 
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characteristics without mentioning the resistance of those 
types of iron to creep under elevated temperature. Possibly 
they are contusing the normal flakey or whorl graphite, with 
fully pearlitic structure— which might indicate to them 
coarseness of grain — with the finely divided or rosette graph- 
ite structure, generally accompanied with free ferrite. 

As previously mentioned, the flakey-type graphite or whorl 
is accompanied generally with a normal pearlitic structure, 
whereas the rosette-graphite type is found accompanying ter- 
ritic irons. It may be that they are confusing graphite fine 
ness and distribution with actual grain size of the metallic 
constituents. 

Generally speaking, the finer the grain size of the metal 
matrix, the greater the resistance to creep; therefore, the 
reduced creep rate as shown on our rings is due possibly to 
the fineness of metal grain size. 

For the past several years, as previously mentioned, there 
has been considerable discussion as to the detrimental effect 
of the presence of free ferrite in piston rings and cylinder-bore 
materials. Quite often the investigators have shown photo- 
graphic evidence of the presence of “free ferrite” in the 
cylinder-bore materials; however, they generally have neg- 
lected to show photographs proving or disproving the theory 
regarding the presence of “free ferrite” in the piston rings. 

The photomicrographs as previously shown on the cylinder- 
block material were, as has been noted, taken at 2750 diam- 
eters on the etched specimen. This magnification was done 
intentionally so that an idea could be secured as to the rela- 
tive fineness of grain of the cylinder-bore irons as against the 
piston-ring irons. 

The actual area of the sample as represented in the photo- 
micrographs at 2750X measures 0.0018 x 0.0025 in.; therefore, 
the need for suitable microscopic equipment in order to reveal 
the true structure of the ring irons can be realized. 

Photomicrographs of the unetched specimen at 100 diam- 
eters are often interesting and of value in studying the mode 
and occurrence of the graphite constituent and often will 
reveal the several types of graphite formation, namely whorl 
and rosette patterns. 

Figs. 6, 8, and 10 are photomicrographs taken at 100 diam- 
eters on the unetched specimens of piston rings properly pre 
pared for metallurgical inspection. 

Fig. 6 shows some evidence of the rosette graphite forma- 
ton; and Fig. 7, which is the photomicrograph at 2750X on 
the etched specimen of the same sample, shows considerable 
evidence of the presence of free ferrite in the rosette graphite 
structure. 

The rosetted graphitic pattern shown in Fig. 8 also con- 
tains ferrite in its matrix as shown by Fig. 9 taken at 2750X 
on the etched specimen. 

The silicon contents of the ring material shown in the 
foregoing photos average between 2.70 and 2.90%; the total 
carbons cover a range of 3.70 to 3.80%; and the phosphorus 
spread is over a range of 0.35 to 0.50%. In the pictures the 
steadite or phosphorus bearing constituent is very much in 
evidence, occurring in quite large areas or patches. 

Fig. 10 is a photomicrograph at 100 diameters of a section 
of our ring, the same size as in the preceding photomicro- 
graphs, showing the graphite size and distribution. The 
graphite size is extremely small, as will be noted; however, it 
shows less tendency toward the rosette or dendritic graphite 
formation found in the other photomicrographs shown. 

Fig. 11 is the photomicrograph at 2750X, etched, of the 
same sample, and here it will be seen that the structure shows 
absolutely no evidence of free ferrite particles. The fineness 
of the grain is such that, with the fluorite oil immersion 
objective, it was almost impossible at this magnification to 
secure resolution of the lamellation of the pearlite grain. The 
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graphite flakes appear to be very fine and well distributed. 
Although some steadite is in evidence, it does not exist in any 
definite cellular network as shown on some of the other 
irons. It might be expected that the phosphorus constituent 
would show up even more so on this iron, consigering the 
fact that actual analysis showed it to contain 0.70% content, 
as contrasted with the 0.35% to 0.50% phosphorus content in 
the other samples. Undoubtedly the method of melting has 
had considerable to do with the way in which the phosphorus 
eutectic occurs in the final iron. 

The silicon content of our ring sample showed a value of 
2.28%, and a total carbon of 3.77%, and we believe that, due 
to our ability to maintain such a low silicon content, we 
actually can eliminate all traces of ferritic conditions from 
the surface of the finished ring. 

Many attempts have been made to use alloys in piston-ring 
irons so as to gain its benefits but, as yet, we have not been 
able to make any material gain in solving this problem of 
wear or erosion through the use of such mediums. 

Throughout this paper so far we have stressed the fact that 
we use the electric furnace for melting and, thereby, have 
gained considerably in the physical properties of the iron 
over those possible by cupola melting. We have shown that 
such factors as base chemistry, structural composition, hard- 
ness and fineness of grain, of course, do exert their separate 
influences on wear life; however, the problem of scuffing and 
scoring of piston rings has not been solved completely even 
though the process used enables us to eliminate the factor of 
free ferrite which has been considered objectionable. 

As is known, originally the face of a piston ring was 
finished by grinding. This method of finishing did not prove 
entirely satisfactory because of the long period of time neces- 
sary for the ring to seat itself thoroughly on the cylinder wall. 
This delay often introduced blowby with its serious conse- 
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Fig. 5-Effect of ‘emperature on loading quality of rings 
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quences. For this reason, modern piston rings have, for quite 
some time, been so finished that their face surfaces would 
wear in or mate very rapidly —this wearing in or mating 
being desirable since that ever-present problem of mechanical 
and thermal distortion of cylinder walls exists. 

The finishing of piston rings in such a fashion has made 
the running-in period very critical, since the rough edges ot 
the surface of the ring quite often will project through the 
boundary oil film and allow metal-to-metal contact. The 
critical nature of this roughing of the surface can be realized 
when actual measurements show the depth of the surface 
imperfections to be 0.0002 to 0.0003 in. when a feed of 80 
per in. and 3/16-in. tool radius is used. 

As indicated, it is necessary to have the breakdown of the 
ring surface take place in order to secure the proper mating 
of the ring and cylinder-bore surfaces. Various other feeds 
and tool shapes have been used in order to change the surface 
finish so as to reduce the problem of ring scuffing but, due to 
the possibility of metal-to-metal contact with the attendant 
possibility of scuffing and scoring, efforts in this direction 
have not proved very beneficial. 

The piston-ring industry then has been called upon to 
provide a solution for this ever-present problem, and _ this 
problem seemingly properly belongs in the lap of the piston- 
ring industry. From our development work to date we are 
very much inclined not only to accept that responsibility, but 
also to admit that it has been placed on the parts which are 
the occasion of these conditions. 

Experimental work covering the various types of ma- 
chined finishes most adaptable to ring surfaces eventually 
suggested the possible use of a coating material which might 
help to decrease the severity of scuffing or scoring. Various 
types of coatings, both metallic and non-metallic, were 
considered. 

Non-Metallic Coatings 


Non-metallic coatings are as a rule hard, brittle, porous, 
and poorly bonded to the base metal. Under some tests, of 
course, they have proved their value. Such an example is the 
oxidized aluminum piston. Here the oxide coating, due to 
its hardness and retention of oil film, seems to offer some 
protection in reducing the erosion of the surface when metal- 
to-metal contact exists. 

Metallic coatings are generally very tenacious, either soft 
or hard. Here, too, advantage of such a protective film has 
been taken, such as in the case of tin-plated pistons, whether 
aluminum, steel, or iron types. This type of coating, instead 
of being hard and highly resistant to abrasion, is soft and 
will undergo plastic flow upon application of sufficient pres- 
sure. This flow generally results in a redistribution of the 
applied load so that the unit pressures will be more uniform. 

However, in attempting to theorize on the real need of a 
coating for ring surfaces, we were forced to assume that the 
quality needed most was the property of wearing-in or seating 
quickly so as to provide good bearing surface with uniform 
unit pressures. Our former practice of making rough ma 
chined surfaces on the finish of the ring was based upon this 
premise — fast or quick disintegration of the rough surface, 
allowing it to mate in quickly with the other working parts. 

Non-metallic coatings produced by many different treat 
ments have this property of speedy disintegration, and _pos- 
sibly will offer some help in this problem. However, due to 
the fact that they do break down rapidly, it necessarily fol- 
lows that their total life will be short, that is, the time re- 
quired for complete disintegration and removal must be short 
in order to accomplish the intended effect. 

Granting the fact that metallic coatings such as tin are 
softer and should wear more rapidly due to the very fact that 
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they are soft, they will undergo plastic flow and, upon slight 
application of pressure, insure a complete bearing surface and 
a uniform and equal unit pressure. {f the high pressures are 
relieved very quickly, we should then expect a decreasing rate 
ot removal of the surface metal, and the time betore complete 
removal of this metallic film will be considerably longer than 
in the case of the non-metallic coating. 

Since tin-plated cast-iron pistons had been used for years 
and had proved to be very satisfactory and also due to the 
performance secured on aluminumz-alloy pistons which had 
been tin-plated, it was decided to experiment with this type 
ot metallic coating. Although tin is relatively soft and under 
goes plastic flow upon slight application of pressure, it also has 
metal characteristics which make it invaluable as a bearing 
material. Most bearings today contain 85 to go% tin, and it 
has not been proved as yet that the ability to retain an oil film 
is not its real bearing characteristic. 

We felt that perhaps the ability of the tin to retain this oil 
film would be of some advantage on a piston-ring surface, 
and our experimental results seem to indicate that this is 
the case. 

Since the run-in period of a motor is critical, our test 
method was such as to accelerate those conditions. Our test 
consisted of starting the engine from room temperature and 
speeding up to 4000 rpm as quickly as possible under as 
much load as possible. 

Before each test, the cylinders were all finished with a fine 
polishing stone and fitted with pistons to the standard feeler 
stock tolerances for each particular design. In each test, three 
pistons were equipped with tin-plated rings, and three pistons 
with comparison test rings. The pistons equipped with tin 
plated rings were staggered so that in one test run the 
tin-plated rings would be in Cylinders Nos. 1, 3, and 5 and, 
in the next run, they would be in Cylinders Nos. 2, 4, and 6. 
This staggering was done to eliminate those variables con- 
nected with the engine, such as mechanical and thermal dis 
tortions, hot spots, and so on. 

Starting from room temperature, it generally took approxi 
mately 30 sec to get the engine up to full speed under full 
load. The tests would be continued until noise developed in 
the engine, indicating that scuffing or scoring had taken 
place. The various lengths of time of operation before noise 
developed varied from 7 to ro min. If the tests had been 
continued, some of the scuff and score marks might have 
polished out; however, we were interested in detecting the 
first traces of scuffing and scoring and, therefore, discon 
tinued the test at the first sign of trouble. 

Aluminum pistons were used for these tests and, in several 
runs, we took advantage of the anodized and tin coatings in 
order to determine the effect of piston surface coatings in 
preventing scuffing and scoring, since this is the only reason 
why the use of such coatings for piston surfaces has been 
justified. 

Figs. 12 to 19, inclusive, are photographs of the test piston 
set-ups taken from the engine with the rings intact. 

In the photographs, the pistons containing tin-plated rings 
are in the upper row, whereas the pistons equipped with 
comparison test rings are in the lower row. The pistons as 
arranged in the photographs have no relationship to the 
manner in which they were installed in the cylinder, as they 
were only set up in this fashion to show the contrast between 
the pistons equipped with tin-plated rings and those equipped 
with comparison test rings. 


In all of the tests conducted using the aluminum pistons 
which were installed with and without treated rings, we 
found much to our surprise that, in every case, the pistons 
equipped with the tin-plated rings showed no evidence of 
scuffing either on the piston face or on the ring face: how- 
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Fig. 6 (left) —Photomicro- 
graph of ring section — un- 
etched at 100 diameters 


Fig. 7 (right) —Photomi- 

crograph of same ring 

section shown in Fig. 6— 

etched at 2750 diam- 
eters 


Fig. 8 (left) — Photomicro- 
graph of ring section — un- 
etched at 100 diameters 


Fig. 9 (right) — Photomi- 
crograph of same ring 
section shown in Fig. 8 —- 
etched at 2750 diameters 


Fig. 10 (left) — Photomi- 

crograph of ring section - 

unetched at 100 diam- 
eters 









Fig. 11 (right) — Photomi- 
crograph of same ring 
section shown in Fig. 10- 
etched at 2750 diameters 
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ever, in the case of the pistons which were equipped with 
either the untreated or non-metallic-coating rings, both the 
piston surface and the ring surface would be scuffed or scored. 

Up until the tme of conducting these experiments, we had 
not generally connected aluminum piston skirt scuffing with 
ring scuffing. We were conscious that both existed, but had 
always considered them independent, with bad scuffing on 
either being somewhat reflected to the other. 

Although one of the parts might start to scuff and affect 
the other, we never have had piston scuffing where the tin 
plated rings were installed, which condition indicates to us 
that the rings undoubtedly were responsible for most of the 
scuffing which has taken place on aluminum pistons, either 
of the regular, anodized, or tin-plated types. 

These conclusions will be borne out by photographs of the 
pistons from actual tests, Figs. 12 to 19, inclusive. 

In no instance where the pistons were equipped with tin 
plated rings will there be found evidence of scuffing, either on 
the rings or pistons. In some of the tests the degree of 
scuffing and scoring on the rings and pistons was greater than 
on others; however, since we had no failure of the tin-plated 
rings, to afford almost complete resistance to erosion, we 


Fig. 12-Scuffing test No. 21 —- 70 F— anodized pistons, thrust 
face 


Top row (left to right) —Nos. 5, 3, | —tin-plated rings 
Bottom row (left to right) —Nos. 6, 4, 2—plain rings 





Fig. 13 — Scuffing test No. 2! — 70 F— anodized pistons, oppo- 
site thrust face 


Top row (left to right) -Nos. 5, 3, | —tin-plated rings 
Bottom row (left to right) — Nos. 6, 4, 2—plain rings 


Fig. 14-Scuffing test No. 22-70F-—tin-plated pistons, 
thrust face 


Top row (left to right) — Nos. 6, 4, 2—tin-plated rings 


Bottom row (left to right) —Nos. 5, 3, | —plain rings 








Fig. 15—Scuffing test No. 22-70F—tin-plated pistons, 
opposite thrust face 


Top row (left to right) —Nos. 6, 4, 2—tin-plated rings 


Bottom row (left to riahi) —Nos. 5, 3 


| —plain rings 


assumed that the soft tin coating is much superior to the 
regular type of finish or to the non-metallic-oxide or chemical 
coatings. 

Before discussing details of these pictures, we might make 
the comment that it is quite an art to eliminate all highlights 
or shadows when photographing six half-round surfaces. 
These photographs do contain some highlights, but we can 
assure you that the highly polished surfaces which might 
appear as though they have polished off are nothing but high- 
lights caused by the reflection of the illuminating source. 

On each set of pistons we are showing a view of each side 
of the piston; first, we will show the thrust surface and then 
follow with the side opposite the thrust. 

Fig. 12 is the thrust side of the piston set-up used in the 
test in which the pistons were anodized, the three upper 
pistons being equipped with tin-plated rings, and the three 
lower pistons with the plain untreated type. 

As can be seen readily, the upper row of pistons shows no 
evidence of scuffing on the piston surfaces nor do the tin- 
plated rings which are installed on these pistons show any 
marks indicating metal disturbance. The lower row of pis- 
tons equipped with untreated rings does, however, show con- 
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Fig. 16—Scuffing test No. 23-70 F-untreated pistons, 
thrust face 
Top row (left to right) —Nos. 5, 3, | —tin-plated rings 
Bottom row (left to right) —- Nos. 6, 4, 2 —non-metallic- 


chemical-coated rings 








Fig. 17-—Scuffing test No. 23-70 F-untreated pistons, 
opposite thrust face 
Top row (left to right) —Nos. 5, 3, | —tin-plated rings 


Bottom row (left to right) —Nos. 6, 4, 2—non-metallic- 
chemical-coated rings 


siderable evidence of scuthng both on the rings and pistons. 

Fig. 13 is the photograph of the surface opposite the thrust 
of the same set-up, and shows much the same condition as in 
Fig. 12. 

This particular test proves that, even though the piston sur- 
faces have been anodized in order to prevent metal erosion, 
those pistons which were equipped with plain rings scuffed 
as a result of the scuffing of the rings. 

Fig. 14 is a photograph of the pistons used in another test, 
the thrust side, in which the pistons were all tin-plated by the 
immersion process, the upper three pistons being equipped 
with tin-plated rings and the pistons in the lower row being 
equipped with rings of the untreated surface. 

Here again the upper three pistons, equipped with plated 
rings, show no evidence of scuffing, either on the piston or 
ring surfaces, whereas the lower row of pistons show a bad 
condition of scoring on one piston and considerable evidence 
of ring scuffing on the other two pistons. 

Fig. 15 is a photograph taken of the side opposite the 
thrust surface of the same set-up shown in Fig. 14. The 
upper row of pistons equipped with tin-plated rings again 
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shows no evidence of ring or piston scuffing, whereas the 
rings on the lower row of pistons show considerable evidence 
of ring scuffing. 

It will be noticed that, not only is the piston in the lower 
right-hand corner scored on the thrust surfaces, but this 
scoring has extended well beyond the pin hole. 

In this test in which tin-plated pistons were equipped with 
plain and plated rings, the tin-plating of the alaminum piston 
surfaces did not prevent some scuffing and scoring of the 
pistons equipped with plain rings. As in the test using 
anodized pistons, the plain ring surfaces show considerable 
evidence of scuffing which, no doubt, led to the failure of the 
piston surface. 

The plain rings used in both the anodized and tin-plated 
piston set-ups were of our own manufacture, and were en- 
tirely free of the ferritic condition which is often thought to 
be the cause of ring scuffing. However, both of these tests 
proved to us that the structural composition of the ring was 
of considerably lesser importance than formerly thought. 

These tests, I believe, conclusively prove the value of a 
superficial coating on the ring surfaces. The tin coating on 


18—Scuffing test No. 27-70 F-untreated pistons, 
thrust face 


Fig. 


Top row (left to right) — Nos. 5, 3, | —tin-plated rings 


to right) — Nos. 6, 4, 2 — non-metallic- 
oxide-coated rings 


Bottom row (left 





Fig. 19-Scuffing test No. 27-70F—untreated pistons, 


opposite thrust face 


Top row (left to right) — Nos. 5, 3, | —tin-plated rings 


Bottom row (left to right) — Nos. 6, 4, 2—non-metallic- 
oxide-coated rinas 








38 


S.A.E. JOURNAL Vol. 44, No. 2 


(Transactions) 


the rings amounted to 0.v001 to 0.0002 in., a film thickness 
infinitesimally small, but sufficiently adequate to provide pro- 
tection against metal erosion from ring surfaces which otten 
results in piston scoring. 

Figs. 16 and 17 are photographs of the thrust and opposite 
sides respectively. of a piston set-up, piston surtaces untreated, 
in which the tin-plated rings were tested against non- 
metallic-chemical-coated rings of another manufacture. We 
were interested in determining whether the material and 
surface as used by other manufacturers would show any 
improvement; however, as can be seen readily, the pistons 
equipped with the non-metallic-chemical-coated rings scuffed 
and caused scoring of the pistons. Here again, the tin-plated 
rings performed without any evidence of scoring either on 
the rings or pistons. 

The piston set-up in Figs. 16 and 17 was as follows: The 
top row line-up, reading from left to right, cylinders 5, 3, 1, 
and the bottom row, reading in the same manner, cylinders 
& 4,2. 

Proof Test Obtained 


In order to get a proof test so as to eliminate the variables 
of engine design, the next set of pistons was changed around 
so that the cylinders which were equipped with tin-plated 
rings would then contain the pistons equipped with non- 
metallic-chemical coated rings. Space does not permit show- 
ing the photographs of the proof test, but it is of interest to 
note that the pistons equipped with the tin-plated rings and 
installed in the cylinders from which the pistons equipped 
with non-metallic-chemical coated rings had been removed, as 
shown in Figs. 16 and 17, came out without any evidence of 
scuffing or scoring of either the rings or pistons. 

From this test it is evident such variables as hot-spots, as 
well as mechanical and thermal distortions of the engines, 
have no effect on the results. These last two tests were proof 
that, regardless of the cylinders in which the pistons equipped 
with tin-plated rings are installed, neither the rings nor pistons 
are susceptible to scuffing and scoring. 

Figs. 18 and 19 are photographs taken at the thrust side 
and opposite the thrust surface respectively of another piston 
set-up, piston surfaces untreated, in which our tin-plated rings 
were tested against rings of another manufacture which had 
been given a non-metallic-oxide coat‘ng. The photograph, 
Fig. 18, shows one piston in the lower left-hand corner to be 
scored badly, and the rings on all three pistons in the lower 
row show evidence of bad scuffing. In the photograph, Fig. 
ig, all of the pistons in the lower row equipped with non- 
metallic-coated rings show some evidence of scoring and 
scufhng, and the non-metallic coated rings also show much 
evidence of scoring. The upper row of pistons again shows 
no evidence of metal erosion, either from the pistons or rings. 

This last test, as shown in Figs. 18 and 19, proves the 
superiority of tin-plated surfaces over the non-metallic-oxide 
coatings in preventing scuffing and scoring of either the rings 
or pistons. 

We believe that our tests as shown in the photographs just 
presented allow us to state correctly: first, that protective 
coatings on pistons will not prevent rings and pistons from 
scufing or scoring; second, that rings made by various manu- 
facturers with plain or untreated surfaces will not prevent 
this condition; third, that tin-plated coatings on rings offer 
greater protection than non-metallic coatings; and fourth, that, 
regardless of the type of piston surface, assuming the mechan- 
ical set-up to be the same in every case, a protective film of 
soft tin will add greatly to the ability of rings to resist scuffing 


and thereby protect the piston from erosive conditions such as 
scufhing and scoring. 


Our tests have shown that this relatively soft film of tin aids 
in eliminating blowby during the early run-in and also greatly 
adds to the overall wear life. Actual tests for 10,000 miles of 
operation have shown that the tin-plated rings will show only 
one-third as much wear as the plain untreated type. The 
problems of surface conditions, even though they be infini 
tesimal in size, which are no doubt contributors toward 
erosive conditions, are minimized greatly by the application 
of this soft coating to the ring surtace, as the coating 1s such 
that, under slight pressure applications, it will undergo plastic 
flow and very quickly insure a full bearing area or mating-in 
of the ring surface. 

Probably the property of redistribution of the surface mate 
rial under slight pressures allowing immediate full bearing 
area to be attained, is the reason why rings that are tin-plated 
have performed so phenomenally well. The soft tin surface, 
however, may have another property which is very valuabk 
under erosive conditions, and that is the property of acting as 
a metallic lubricating layer. It functions as a metallic lubri 
cating medium because of the ease of wetting tin and the 
difficulty with which it can be wiped clean, these properties 
efficiently retarding the oil-film rupture. 

The real function of the soft tin coating may be that ot 
redistribution of surface material, or its ability to act as a 
metallic lubricating layer but, regardless of the explanation 
for its ability to resist erosive conditions, it does insure more 
adequate protection against those factors which are very criti- 
cal during the run-in and cold-motor-starting periods. 

Since the ever-present trend has been toward higher mil 
age per gallon of oil consumption, we feel that the elimination 
of ring scuffing will become of greater importance. It is pos 
sible that, by the application of a thin, soft layer of tin coating 
these critical tactors will be diminished greatly, which will 
allow the designing engineer greater latitude in his endeavors 
to secure lower blowby and lower oil consumption for 
greater number of car-miles. 


The whole of the work done is not given here, but only 
such parts of it as are calculated to give weight to the conclu 
sions advanced. 


Diesel-Electric Bus Drive 
—. -RIENCE has proved the necessity of having som« 


form of flexible drive between the diesel engine and 
driving wheels of a bus to reduce vibration and noise in the 
passenger compartment and to damp the torque pulsations to 
the driving mechanism. 

The increased use of large-capacity motor buses for heavy 
duty service has emphasized the necessity for an automatic 
transmission to relieve the operator of laborious gear shifting 
and clutch manipulating in order to give him more time fot 
handling passengers. An ideal motor-bus powerplant com 
bination would consist of a diesel engine with a fully auto 
matic, infinitely variable ratio transmission to permit complete 
mechanical isolation of the power unit from the passenger 
compartment. Electric drive has all of these desirable char 
acteristics and, for many years, has been used on motor buses 
with gasoline engines. 

The greatest activity along this line has come during the 
past 12 years and, during that time, approxim: ately 3000 
electric-drive buses have been placed in service in this coun 
try. Approximately 250 of these were placed in service during 
the past 18 months and were used with automotive diesel 
engines. 


Excerpt from the paper of the same title by G. W. Wilson, 
General Electric Co., presented at the National Transportation 


Engineering Meeting of the Society, New York, Nov. 15, 1938. 


























Magnaflux-What Does It Show? 


By J. B. Johnson 


Chief, Material Branch, U. S. 


AGNAFLUX testing has become an impor- 

tant adjunct in connection with the inspec- 
tion of aircraft parts fabricated from magnetic 
materials. The method is very sensitive and may 
indicate not only defects which seriously weaken 
the part, but also non-injurious imperfections. 
The author has classified the several defects indi- 
cated by magnaflux which have been found in the 
routine inspection and examination of a large 
number of parts which have been in service in 
engines, airplanes, and accessories operated by the 
U.S. Army Air Corps. 


AGNAFLUX testing means the detection of defects 
in magnetized metal with para-magnetic powder. 
The principles and operation of magnaflux testing 
are simple. The apparatus developed for its application may 
be quite ingenious, as shown in Fig. 1. The piece under 
examination is in a magnetic field produced by electromagnets 
or by the passage of current through the piece or any other 


[This paper was presented at the National Aircraft Production Meetin 
f the Society, Los Angeles, Calif., Oct. 13, 1938.] 
*Published by permission of the Chief of the Air Corps 





February, 1939 


irmy Air Corps, Wright Field 


conductor contiguous to it. The powder, the base of which is 
generally black magnetic iron oxide, may be applied dry or 
wet. The wet method, using the powder suspended in a low 
viscosity fluid, has proved the more convenient and expe 
ditious for general application. The fluid is usually a petro 
leum fraction with a high flash point such as kerosene, 
although carbon-tetrachloride and other organic solvents and 
aqueous solutions of inorganic compounds may be used. A 
powder, treated so that it will remain suspended in the liquid 
and not agglomerate badly, gives best results. Electromagnets, 
a solenoid, or separate conductor are employed when the size 
and shape of the part is such that a current cannot be passed 
readily through it to produce a magnetic field, the lines of 
force of which are perpendicular to the major axis of the 
defect. 

Alternating or direct current may be used. The strength of 
the field is determined by the ampere turns. When the piece 
acts as the conductor, very satisfactory results have been ob 
tained with a direct current of 2500 to 4000 amp which flows 
for a fraction of a second from the discharge of 4 to 6 storage 
batteries. The flux density is greatest when the maximum 
current is flowing through the conductor and, if the powder 
is applied immediately before the switch is closed and con- 
tinuously during the flow of current, the magnaflux indica 
tions are the strongest, except for the gradual strengthening 


Fig. | —Warner horizontal 
magnaflux machine de- 
signed on principles dem- 
onstrated by A. V. de For- 
est. Inset shows set-up for 
flooding inside and outside 
of piston pin with fluid for 
inspection of both surfaces 
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Fig. 2 — Magnetic field of electromagnets 


of the field by repeated “shots.” The residual magnetism 
which remains after the current is shut off in a hardened 
piece of steel is sufficient to indicate cracks open to the surface 
and other defects of fairly large size but may not disclose laps, 
seams, and inclusions, and is not satisfactory for steel of low 
retentivity. 

When the current is passed through the piece, the lines of 
force are crowded towards the surface, and the defects near 
or at the surface are registered with greater intensity than 
those toward the center. When a separate conductor or elec- 
tromagnets are used, the flux is distributed more uniformly. 

The defect must be of sufficient size that it will distort or 
interrupt the magnetic lines of force and establish a small field 
at the defect which forms a pattern when the powder is 
applied. The size and character of the defects can be judged 
by an experienced operator by the rapidity with which the 
powder is drawn into the region of the defect and the amount 
and density of the accumulation. The field formed by two 
electromagnets is shown in Fig. 2. A similar field is produced 
inside a solenoid. The section of propeller blade has a higher 
permeability than air and is an easier path for the magnetic 
flux. The blade may be elevated above poles so that it lies in 
that part of the field in which the lines of force become prac- 
tically parallel to the major axis of the blade section. This 
arrangement will increase the intensity of the patterns for 
those defects parallel to the longitudinal axis of the blade. The 
field induced by current passing through a conductor is illus- 
trated in Fig. 3; the axes of the bar and blade in the direction 
in which the current is flowing are perpendicular to the sheet. 
Passing the current through a conductor contiguous to the 
blade, Fig. 3c, changes the direction and distribution of the 
lines of force and is used in the same manner as an electro- 
magnet. 

Magnaflux indications may be classified in accordance with 
the type of defect or non-homogeneity which is present in the 
metal: 1. cracks; 2. blowholes; 3. inclusions and hair lines; 
4. surface abrasion or distortion; 5. restrictions in the path of 
the flux; 6. variations in magnetic permeability within the 
material, 

Cracks are actual disruptions of the metal. They may be 
caused by stresses in service which exceed the maximum 
strength of the material under fluctuating, static, or impact 
loads. They may be caused by laps or bursts in forging, by 
heat-treating, by welding, by grinding, or by mechanical over- 
stress due to manufacturing operations. Cracks which are 


open at the surface cause the greatest reduction in fatigue 
strength. 

It may be assumed that the notch sensitivity of a steel indi- 
cates qualitatively the damaging effect of cracks. The ratio of 
the depth of the notch to the diameter of the piece determines 
to a large extent the damaging effect. A circular 60-deg 
V-groove with a radius at the root of 0.01 in. and a depth 
ratio of 1:10 will reduce the fatigue strength between 55 and 
75% depending upon the chemical composition and _heat- 





Fig. 3 —- Magnetic field produced by conductors 
c; 


Fig. 3b (center) —Propeller-blade conductor 


g. 3a (top) — Circular conductor 


Fig. 3c (bottom) - Contiguous conductor 
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Fig. 4— Fatigue cracks 


Depth of Crock 


Steel Hardness in. Service, hr 
Coupling icy sates ind Nitralloy V-950 0.019 150 
a eer ene X-4340 C-30 0.0195 606 
CE «cont vas cue es 1015 C-63 0.008 574 
Nut, propeller Cute. 1020 C-60 0.023 864 
Shaft a 


treatment. A reduction of 60% for SAE X-4340 was obtained 
on one lot heat-treated to 203,000 lb per sqin. Fig. 9, bottom 
curve. 

The usefulness of magnaflux testing in the detection of 
cracks from overstress in service cannot be disputed. Without 
doubt, every user of this method of inspection can give many 
instances in which a crack has been discovered before actual 
failure occurred, thus preventing more costly destruction of 


744 





equipment. The parts illustrated in Fig. 4 are examples of 
parts removed from airplane engines at overhaul. These and 
subsequent examples were magnafluxed in accordance with 
the procedure described in the second paragraph of this paper 
using a current of approximately 3500 amp. Complete failure 
of identical parts in other engines had occurred which un- 
doubtedly originated from similar cracks. The insets show 
the character and depth of the cracks. 
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Fig. 5— Grinding cracks, cam lobes 


Cam rina, service, hr 


3rd overhaul 4th overhaul 


850 1067 


It is axiomatic that cracks should be eliminated trom air 
craft parts, and any practice which causes cracks should be 
corrected so that the finished part will be sound before it is 
put into service. However, there are many parts already in 
service which contain vestiges of laps and grinding cracks 
which are located in regions of very low stress and there is 
no hazard involved in continuing them in service. Several 
cam rings which contained grinding cracks were returned to 
service and re-inspected at each overhaul. There was no 
apparent growth in the cracks shown in Fig. 5. Other exam 
ples of grinding cracks and laps are shown in Fig. 6. Such 
cracks located in fillets or edges or in highly stressed sections 
should not be tolerated. 

Blowholes are formed during solidification of the metal and 
are present in castings and welded seams. They are generally 
small and are indicated by small tufts of powder. Stress con- 
centration in a blowhole is less than that in a crack. 
holes are generally below the surface. 

The magnaflux indications most difficult to appraise are 


Blow 


those due to entrapped gases and solids in the steel. The 
microscope shows hairlines or irregular-shaped particles which 
may be isolated or in strings and clusters. The magnaflux 
indicates cracks or voids since they are filled with non-mag 
netic material, Fig. 7. To an expert operator the magnaflux 
indication generally is more fuzzy than in case of a crack and 
does not seem to appear as quickly and with the same inten 
sity. However, there is occasionally a case where it is practi 
cally impossible to distinguish between a crack and an inclu 
sion. One such case is illustrated in Fig. 8. The magnaflux 
indication, which was obtained by passing the current through 
a bar inserted in the pinion hub, was examined by several 
operators and declared to be a crack. It registered quickly 
and with great intensity. The illustration shows the piec« 
magnafluxed after a section had been cut out for metallo 
graphic examination. The magnaflux powder outlines the 
length and depth of the defect. The microphotograph of th 
transverse section demonstrates that it was a radial inclusion 
made up of small particles but arranged in such a way that 
the many lines of force in the magnetic field were interrupted. 

Physically, inclusions differ from cracks in that they are 
usually much smaller and were formed when the metal solidi 
fied and the boundary metal is in a state of equilibrium, 
which is not true of the metal at the apex of a crack. Cracks 
are usually open at the surface which is the region of highest 
stresses under most conditions of loading. Inclusions may be, 
and often are, under the surface. The maximum depth at 
which inclusions can be detected depends on many variables, 
the most important of which are the flux density and the size 


























Fig. 6— Grinding cracks 
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Fig. 6a — Laps 
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and orientation of the inclusion in relation to the lines of 
force. The size of an inclusion can be judged to some degree 
by the amount of powder which accumulates. The large 
inclusion, Fig. 7, upper left, gave a broad heavy accumulation 
of powder, whereas the small inclusion in the bolt to the right 
was just visible. Rotating-beam fatigue tests indicate that 
inclusions reduce the fatigue strength in a manner similar 
to notches. The S-N Diagrams, Fig. 9, represent four sets of 
specimens. The two upper diagrams are for X-4340 steel 
heat-treated to approximately 200,000 lb per sq in. The open 
circles represent a heat practically free from magnaflux indica- 
tions, and the solid circles a heat with a relatively large num- 
ber. The number of inclusions in the two heats was practically 
equal. This condition may indicate that inclusions which are 
not detected by magnaflux do not lower the fatigue strength. 
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»ckwe Depth of Lap 

Hardness in. Service, hr 
C-60 0.003 670 
C-50 0.0235 383 
C-27 0.0055 (below surface 660 
C-27 0.05 200 
C-23 0.027 819 


The evidence is too meager to be considered conclusive. The 
next lower diagram was obtained on specimens from tong 
holds of forgings, and the third curve from specimens cut 
from a crankshaft heat-treated to approximately 150,000 lb per 
sq in. Due to the small number of specimens, the S-N dia 
grams are only approximate. The specimens which broke to 
the left of the diagram, showing damage, invariably con 
tained magnaflux indications in the highly stressed middle 
section. Microphotographs were taken as closely as possible 
to the fracture and are a record of the inclusions which gave 
the magnaflux indications. The surface of the specimens is 
indicated by the boundary between the white and black por 
tion in the transverse views but has no significance in the 
longitudinal sections. In Specimen No. 1, Fig. ga, the seam 
was over 0.020 in. in depth and probably open to the surface 
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Rockwell 

Steel Hardness 
Gear, fuel pump ...... 6150 C-40 
Connecting rod ....... 3140 C-32 
Bolt, crankshaft ........ 3250 C-34 
Pinion, cam drive ..... 3115 C-55 


at the point of fracture; Specimen No. 2, Fig. 9b, contained 
a cluster of smaller indications very close to the surface, 
whereas Specimen No. 3, Fig. gb, the microphotograph on 
right, contained several stringers but gave no magnaflux indi- 
cations. The stringers shown were 0.040 in. below the surface. 
Specimens Nos. 4 and 5, Fig. gc, have practically equal in- 
clusion count, but the former indicated only two very small 
magnaflux indications whereas the latter had a large number 
in the middle section of the specimen. The specimens from 
the propeller shaft, Fig. 9d, were selected at points where 
there were magnaflux indications on the surface but, in several 
cases, the defect causing the indication was removed during 
machining. The large inclusion, Fig. 9¢, was not removed, 
although the magnaflux indication became much shorter upon 
removal of approximately % in. of steel which was necessary 
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Fig. 7—Inclusions and hairlines 


Depth of Length of 
Inclusion Inclusion, Service 
in. in, hr 
0.014 0.011 784 
Surface 0.019 1258 
0.03 0.0025 565 
Surface 0.002 1171 


in machining the specimen. In all these cases the direction 
of the applied stress was parallel to the plane of the defect. 
Inclusions in the transverse plane would be more damaging 
but, fortunately, are not often present. Large inclusions, or a 
cluster of many small ones, may reduce the fatigue strength 
about 15% when the ratio of the depth of the inclusion in a 
radial direction to the diameter of the specimens is approxi 
mately 1:10. 

The correlation of magnaflux indications due to inclusions 
and serviceability is far from complete. The effect of size and 
form factor is very important, but laboratory tests on full- 
sized parts rarely are warranted as the cost far exceeds the 
value of the data since it is practically impossible to simulate 
the loads which are carried in service. The Air Corps is 
following the procedure of continuing in service parts whicl 
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0.020 


Fig. 8— Pinion, reduction gear 
SAE 3312, core C-40, 
case C-6| 


contain magnaflux defects except actual fatigue cracks. A 
photographic record is made of the magnaflux indications at 
each overhaul so that any change in the size or character will 
be noted. The crankshaft shown in Fig. 10 is an example of 
parts which are being given extended service tests. In the 
case of piston pins, however, there is considerable evidence 
that inclusions cause fatigue failures. An examination of the 
magnaflux indication, Fig. 11a, shows a crack extending from 
the inclusion to the surface, the fatigue crack, Fig. 11b, was 
detected by magnaflux and opened up by splitting the pin. 
Since piston pins become elliptical under load, the interior 
surface is highly stressed, and the plane of the inclusions is 
generally perpendicular to the direction of the tensile stress in 
the outer fiber. 

Inclusions may be broken up by forging so that there is no 
indication on the magnaflux, which is illustrated by the crank- 
shaft forging, Fig. 10. It is probable that the inclusions were 
distributed uniformly throughout the billet but, in the finished 
shaft, they were indicated only by the magnaflux on the 
tapered end. The forging had broken up or re-orientated 
them in relation to the magnetic flux so that they were not 
detectable in the journal. This same phenomenon has been 
observed in several forgings. 

The presence of hammer blows, disruption of the outer 
fibers due to bending, and severe rolling strains will be indi- 
cated by magnaflux patterns. These patterns are generally 
broad and distinctive so that they cannot be confused with 
cracks or inclusions. 

Variations in the flux density of a metal due to the crowd- 
ing of the magnetic lines of force on account of restriction in 
their path may sometimes cause rejection on the part of an 
inexperienced operator. One example of this condition is 
indicated in Fig. 12. The bottom of the hole approaches the 
inside surface of the rod so closely that only a thin section of 
metal is left. The edge of the hole shows a magnaflux pat- 
tern. In the case of splines and gear teeth, free from cracks, 
small indications radiating out at the roots may have the 
appearance of cracks but, if the space in between the teeth is 
filled with soft iron or some material which forms an easy 
path for the magnetic flux, the indications disappear. 
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The magnetic permeability of steel is determined largely by 
its chemical composition, microstructure, and freedom from 
internal stresses. If a steel is heterogeneous in this respect due 
to segregation, mechanical working, thermal treatment, or 
welding, magnaflux will so indicate. The patterns are gen- 
erally distinctive, however, and easily identified. The pattern 
formed by banded ferrite, Fig. 13, was present in the heat- 
treated piston pin and persisted after annealing. 

Magnaflux inspection is the most rapid and satisfactory 
method for the detection of damaging defects which has been 
devised. The great sensitivity of the method requires that its 
application and interpretation be supervised by personnel with 
experience in engineering and metallurgy. A conscientious 
and intelligent operator can become adept at identifying the 
type of defect, especially after routine inspection of a number 
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Fig. 9-S-N diagrams — magnaflux indications 
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Fig. 9a — Specimen No. | (left), transverse section 
at surface, (right) longitudinal section 0.01 in. 
below surface —- 100 magnifications 


Fig. 94—Specimen No. 2 and transverse section 

near fracture at top (left). Top (right) is in- 

clusion in Specimen No. 3, at 0.065 in. below 
surface 


Fig. 9¢—Inclusions near fracture, longitudinal sec- 
tion—Specimen No. 4 (left), Specimen No. 5 
(right) 


Fig. 9d —Shaft, propeller reduction—Two arrows 
pointing downward indicate magnaflux indication 
of Specimen No. 6, Fig. %e 


Fig. 9e—Specimen No. 6—Microphotographs are 
transverse sections at 100 and 500 magnifications 
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Fig. 10 (right) -Crankshaft 
forging, tapered and upset ends 





Fig. Ila (left) —Piston 

pin—Transverse section 

through largest indica- 
tion 





Fig. Jib (left) — Piston 
pin—Fatigue crack, 
length of magnaflux indi- 
cation between arrows 





x Fig. 12 (left) —Magnaflux indication 
= at bottom of drilled hole 


of similar parts, but familiarity with the stress analysis of the 
part and the effect of defects on the strength of the materials 
are prerequisites if unnecessary and costly rejections are to be 
avoided. 

Magnaflux inspections between the several stages in the 
fabrication of an article will assist in locating the source of 
cracks or defects which may appear in the finished article. In 
this field it may well be a means of lowering costs and im 
proving workmanship. 

The aircraft industry has applied this method of inspection 
to engine parts, steel propellers and propeller mechanisms, 
and is gradually extending its use to all airplane parts and 
accessories which require detailed examination for defects. 
Where it has been established under competent supervision, 
it has been a success, and it is doubtful if the manufacturers 
would abandon it and return to the laborious and fallible 
inspection with magnifying lenses and etching. 





Fig. 13 (right) —-Mag- 
naflux indication at 
ferrite banding 











Magnaflux Indications Interpreted 


By Bishop Clements 


Wright Aeronautical Corp. 


HE magnaflux method of inspection is com- 

paratively new and, as yet, definite specifica- 
tion requirements have not been written. Definite 
requirements are being requested by various 
groups, but it is believed impossible to lay them 
down except for individual parts. 


This paper attempts to discuss the various 
types of indications, but it is impossible to state 
definitely what detrimental effect the majority of 
the indications will have. 


AGNAFLUxX is a recent development used as an in- 
M spection tool for detecting imperfections, both detri- 

mental and non-detrimental, in magnetic steels. This 
method of inspection began to be used commercially about 
five years ago. The equipment and methods are well known 
and satisfactory for the purpose. 

The magnaflux method of inspection for detecting imper- 
fections probably has caused more discussion and concern by 
aircraft manufacturers and makers of the steel and forgings 
than any other new idea in the making and fabrication of steel 
for many years. 

The aircraft-engine manufacturers were the first to put 
magnaflux into general use, but today this method of inspec- 
tion is in use in almost all branches of industry where trans- 
portation equipment is manufactured. 

Magnaflux has been misused, is being misused, and will 
continue to be misused; this condition is also true of other 
inspection methods. This misuse is caused by fear. We do 
not know the extent of the imperfection from the outside 
appearance. The length of the powder line on the surface will 
not be greater than the length of the imperfection and may be 
much less, but the width is magnified a large number of 
times, depending on the type and shape. This magnification 
in width is sometimes as high as 1ooX. 

Cracks usually can be detected by any of the methods of 
magnetizing if the flux is in the correct direction, but very 
small imperfections cannot be detected with all the equipment 
which is being used. Direct current applied while the pow- 
der, suspended in a liquid, is applied is the most sensitive 
method, but there is practically no difference in the number 
of parts rejected by the three methods mentioned later. The 
amount of powder in the liquid and the position of the indi- 
cation, that is, on the upper side or the lower side of the part 
as held during the operation, has a great deal to do with the 
build-up. The residual method will not show the direction of 





{This paper was presented at the Nationa) Aircraft Production Meeting 
of the Society, Los Angeles, Calif., Oct. 13, 1938.] 
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the flow of the metal, whereas the continuous method will. 
Since there is a difference in the appearance and build-up, one 
must know the method used for magnetizing and applying 
the powder when examining the indication. 

There are three different types of equipment, any one of 
which is satisfactory for detecting imperfections as follows: 

Residual — Direct current through the part or coil and then 
subjecting the part to the magnetic powder which may be a 
dry powder or suspended in a liquid. This method can be 
used only on steel which retains magnetism. 

Continuous D-C — Direct current through the part of coil, 
applying the powder in dry form or liquid while the mag- 
netizing current is flowing. 

Continuous A-C - Alternating current through the part or 
coil and applying the powder in liquid form while the current 
is flowing; the liquid may be flowing over the part or the part 
may be submerged in the liquid. 

The build-up of the powder depends on the method, flux 
density, time of applying the powder, and the amount of 
powder applied. 


Types of Imperfections 


There are a large number of definitely different types of 
imperfections, such as laps, bursts, inclusions, grinding and 
heat-treating cracks, and machining tears. 

Heat-treating cracks are on the surface, usually at a sharp 
corner or rapid change in section. If cut across and examined 
microscopically, the sides of the cracks will not show scale or 
decarburization. 

Grinding cracks are usually only a few thousandths of an 
inch deep and are found on the surface of carburized, nitrided, 
or any other hardened surface. Parts containing slight grind- 
ing cracks in carburized or nitrided surfaces, which are not 
stressed, often can be used without detrimental effect. Grind- 
ing cracks are short, usually not more than % in. long, ap- 
pearing on flat surfaces, whereas heat-treating cracks are 
larger, appearing at change of section. Grinding and quench- 
ing cracks do not follow the flow lines. If there is any doubt 
as to grinding cracks, a light etch in a 50% solution of hydro- 
chloric acid at 160 F will reveal the same crack as the magna- 
flux and usually will produce additional cracks. If, during the 
operation of parts in a machine or engine, the friction of the 
hard surfaces increases the surface temperature abnormally, 
the surface may crack with the same appearance as it does 
when grinding. 

Inclusions follow the flow of the steel. They may show on 
the surface, or they may be below the surface. A light etch by 
swabbing with cold 4% nitric acid in alcohol and examining 
at about ro magnifications will determine if the imperfection 
is on the surface or below the surface. Inclusions are not as 
detrimental as cracks and, in many cases, a large number of 
these parts should be used, depending upon the type of part 
and the location of defect. Highly stressed parts with long 
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Fig. |-A connecting rod Fig. 4—Fatigue crack in a pinion 
Fig. 2—Grinding crack in a crankshaft Fig. 5 — Effect of clamping 
Fig. 3— Quenching crack in a rocker-arm bolt Fig. &6—The indication is not a true representation of the im- 
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inclusions, inclusions in a fillet, inclusions running into a 
hole, or inclusions around a corner should not be used. 

Tests have not been conducted to determine the detrimental 
effect of inclusions, but we are sure that an inclusion below 
the surface is not as detrimental as one on the surface. 

Bursts or flakes do not appear on the outer surface unless a 
large amount of stock is removed. They usually appear on 
the inside of holes or at a section with a large amount of stock 
removed. Bursts are usually short, about 14 to 4 in. in length, 
and may run in any direction. They are definitely cracks, and 
material with this defect should not be used. 

Laps are produced during rolling or forging. In bar stock 
they follow the direction of rolling, but in forgings they do 
not have a definite relation to the flow lines and usually are 
found in a fillet. The inside of a lap often will show scale and 
decarburization. Laps are found on the surface and can be 
distinguished from inclusions by their position and the ap- 
pearance of a crack, instead of a slight discoloration as pro- 
duced by the inclusion. 

Machining will cause indications if the continuous method 
is used. The indication will be in the direction of the flow 
of the metal except in the case of end grain. The indications 
are usually short, broken, and will not build solid. A milling 
cutter cutting across the end grain will show indication of 
considerable length. Bar stock 1% in. in diameter machined 
on the outer diameter has shown indications on each piece 
then, after carburizing, hardening, and grinding, the surface 
would be perfect. Some machining indications can be re- 
moved by polishing 0.001 in. from the surface and others 
require 0.004 to 0.005 in. and possibly more to remove them. 

Fatigue Cracks 

Fatigue cracks are found on parts which have been in ser- 
vice, and usually the indication will be a solid build-up. 
Fatigue cracks will be found at corners, holes, fillets, and 
chafed spots. It would be very unusual to find a fatigue crack 
starting on a smooth surface. A part which has the slightest 
indication of a fatigue crack should not be used. 

A part rubbed with a piece of steel, or another part, after 
magnetizing will show a broad mark with light powder 
deposit. If examined closely, it will be seen that the indica- 
tion is not completely covered with the powder, that is, the 
amount of powder build-up is not sufficient to produce a solid 
line. Parts with such indications should be demagnetized and 
then remagnetized. 

Most of the photographs illustrating this paper were made 
on parts magnafluxed with about 3000 amp direct current and 
with about 1 oz of powder per gal of liquid. The current was 
applied the instant the liquid flow was removed. 

All the photomicrographs were originally made at 1ooX, 
but were changed when reproduced. 

The enlarged views, to show more clearly the indication, 
originally were magnified approximately five times. 

Fig. 1 is a connecting rod which was magnafluxed after 
machining and before polishing. To the right in the channel, 
and to the left on the side, can be seen almost solid lines. 
These indications are caused by machining and can be re 
moved by polishing about 0.001 in. from the surface as is seen 
to the left in the channel. The effect of machining has been 
observed a number of times. 

Fig. 2 left shows the rear end of a crankshaft cracked by 
the side of a grinding wheel. This is a chromium-nickel-steel 
shaft nitrided, the surface hardness is about 500 Vickers. The 
build-up of the powder is solid and not straight. Grinding 
cracks are not always cause for rejection but, if the cracks 
extend into a hole, around a corner, or into other highly 
stressed areas, the part should be rejected. To the right is a 


cross-section of one of the cracks which is about 0.015 in. 
deep. The total depth of the case is about 0.020 in. 

Fig. 3 is a forged rocker-arm bolt which cracked when 
quenched. The indication at the fillet is a very heavy build-up 
compared to the grinding crack. The quenching crack is 
about 0.045 in. deep and extends into the core. This is a 
carburized and hardened bolt made from SAE 3312 steel. 

Fig. 4 is a carburized and hardened pinion made trom 
SAE 3312 steel. The indication shows the start of a fatigue 
crack. Note that this has a different appearance inside. The 
indication is very broad but this breadth was caused by the 
direction of the crack. It is unusual for a tooth to be cracked 
at this position without being cracked at the end but, because 
of tooth interference, the excessive pressure scuffed the surface 
and caused the start of the crack. 

Fig. 5 is an example of the effect of clamping with a fixture. 
The slight crushing of the metal causes a heavy build-up ot 
powder having the appearance of a crack. This type of indi 
cation is not unusual and only proves that each indication 
should be studied carefully before expensive parts are scrapped. 

In Fig. 6 are three different sections of one crankshaft. The 
size of these indications is a fair relative representation of the 
size of the internal imperfection, but this condition is not true 
with a large number of indications. Yet, by a careful study of 
all types, one can use intelligence in making the majority of 
decisions. The indication at the right is very broad for an 
imperfection of this size, but the angle to the surface and the 
distance from the surface will cause this shape. There are a 
large number of actually deeper cracks which will appear 
smaller than this indication. 


Fig. 7 is a piston pin approximately 114 in. in diameter, 
material SAE 4620 carburized, hardened, and ground. This 
condition does not show with the residual method. In the 
center is a cross-section showing one sizable inclusion about 
0.002 in. below the surface. To the right is a longitudinal 
micro which shows the steel to be a fair quality, but not up 
to the standard of a good piston-pin material. Some lots of 
piston pins will show indications as are seen in this picture, 
even though the inclusions are less than half that shown in 
the longitudinal view. 

Fig. 8 is a burst or flake but is not a good representation o! 
burst. The micro at the right is a cross-section of the defect 
and shows the appearance of a burst. Bursts usually do not 
have any relation to the flow of the metal; they usually are 
found in heavy sections, but they sometimes appear in light 
sections. If bursts are found in light sections, they were 
probably in the billet and will somewhat follow the flow ot 
the metal. 

Fig. 9 represents one type of defect which is produced while 
forging. The indication in the rod at the right was caused by 
a fold of the steel, a cross-section being shown at the extrem« 
right. The rod at the left also has a fold, but the cross-section 
at the extreme upper left shows the scale completely sur 
rounded by clean metal. The four micros from the defective 
section show very clean steel. It is believed that the working 
of the solid steel at the forge shop and steel mill is the caus 
of far more defects than are inclusions or dirty steel. 

Fig. ro is a master connecting rod with only one indication 
about Y, in. long. The upper-right photo shows the appear 
ance when magnified. The lower-right one is a micro across 
the flaw which was about 0.005 in. below the surface. A flaw 
of this type below the surface and in this position on the rod 
is probably not detrimental. The steel is very clean. The flaw 
probably was caused by a void in the ingot. The shape is 
from forging. 

Fig. 11 is a crankshaft with an indication in the spline. The 
upper-right photo is the indication magnified, and the lower- 
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Fig. 7— Piston pin showing effect of rolling 


Fig. 8-— Example of a burst 
Fig. 9- Defects caused by forging 


right one is a cross-section micro showing the defect. The 
distribution of this inclusion is unusual; the steel away from 
the patch is clean. The large part of the defect is about 0.015 
in. below the surface. Most all crankshafts and large parts 
show indications but, if the indication is small and the imper 
fection below the surface and away from highly stressed areas, 
holes, corners, splines, and so on, the parts usually can be used. 

It is only by prolonged investigation and cooperation by the 
steel mill, forge shop, and manufacturer that magnaflux indi- 
cations can be reduced and held at a minimum. The usual 























Fig. 10 - Master connecting rod —one indication '/2 in. long, 
0.005 in. below the surface 


Fig. |! —Inclusion in crankshaft 


method of inspection of steel is by microscopic examination, 
but the surface examined is too small compared with the sur 
face which will later be examined by use of the magnaflux. 
Other methods of inspection must be developed, and this 
development will require cooperation with the manufacturer. 
If manufacturers take the attitude of rejecting all parts which 
show indications, the problem cannot be solved and the ex 
pense will be increased materially. A careful examination 
should be made on all indications before the parts are rejected 


finally. 











Why Not 125 BMEP in an L-Head | 
Truck Engine? 


By F. S. Baster 


Chief Engineer, The White Motor Co. 


H's output per cubic inch of piston displace- 
ment is desirable not alone for the purpose 
of being able to transport more payload faster, 
but more particularly for the invariably associ- 
ated byproduct of lower specific fuel consump- 
tion, and especially at road-load requirements. 


The only way of accomplishing this purpose is 
through the use of higher compression ratios, and 
the limiting factors for this objective are fuel 
distribution and the operating temperatures of 
the component parts. A manifold is proposed 
which not only definitely improves distribution 
at both full and road loads, but has the inherent 
additional advantage of reducing the formation 
of condensate, thus still further facilitating a re- 
duction in road-load specific fuel consumption. 


Hydraulic valve lifters, obviation of mechani- 
eal and thermal distortion, and controlled water 
flow are the essentials in improved cooling. 


Attention also is directed to the importance of 
ignition wiring and timing with both the inertia 
and vacuum control as requisites. 


The suggestions bring the contemplated out- 
put within the realm of practical possibilities. 


Sa the gasoline engine is essentially a heat engine, it 
is only natural to assume that its behavior should be 
affected materially by the control of the generated heat. 
If we were to augment the premise so as to include the prep- 
aration of the mixture for burning, then the axiom would, 
for all practical purposes, be true. A corollary might read: 
“For best engine output with a given fuel, induce the maxi- 
mum amount of homogeneous mixture into the various cyl- 
inders and then, after ignition, dissipate the minimum of 
generated heat into the cooling water.” Obviously, these two 
requisites are closely related, and likewise there are many 


{This paper was presented at the National Transportation Meeting of the 
Society, New York, N. Y., Nov. 14. 1938.] 


tactors influencing each. It is the purpose of this presenta- 
tion to discuss the more pertinent tactors, and to explain how 
they individually and collectively contribute to the ultimate 
result. 

Betore proceeding, however, it seems apropos to remark 
that the goal of exceedingly high output per cubic inch of 
piston displacement is not solely for the purpose of being able 
to propel a larger payload faster but, more particularly, for 
the invariably associated reduction in specific fuel consump- 
tion, and especially that at road-load power. In other words, 
all the factors which promote increased output seem likewise 
to reduce specific fuel consumption, and their effect is even 
more pronounced in the case of road loads. Because of this 
existing relationship, no attempt will be made to amplify the 
relative effects of each individual factor unless the influence 
be one to affect power more decidedly rather than fuel con- 
sumption or vice versa. 

Although we usually consider the carburetor as a necessary 
evil, still it is capable of metering any quantity of fuel for a 
given air flow and, likewise, of performing credible atomiza- 
tion. True, under some circumstances, the path of the mixture 
is directed unfavorably by the butterfly valve but, more par- 
ticularly, we are confronted with the problem of a vapor 
capable of condensing rather than remaining as of a gas. It is 
only natural that the formation of this condensate will be a 
function of the surface area of the manifold to which it is 
exposed and, further, that the velocity of the mixture as a 
whole will influence materially its movement, especially at a 
bend. This consideration suggests a manifold with a single 
division zone located close to the carburetor which position 
will serve the dual purpose of having a minimum of conden- 
sate to distribute, and also any which is formed subsequently 
must go into the cylinder for which it was intended rather 
than permitting a choice of cylinders by the attending velocity 
changes. 

A typical example of this construction is illustrated in Fig. 1. 
It should be noted that this particular proposal also permits 
the shortest possible length to each cylinder or, in other words, 
the minimum of exposed area and consequential reduction in 
the amount of condensate which is formed. This feature, 
although it serves no function in improved distribution since 
we have placed the single division point immediately adjacent 
to the carburetor, nevertheless has a very definite effect in 
improving economy. The deduction is predicated upon the 
fact that the condensate formed from a mixture which has 
previously reached the vaporized or gaseous state through 
atomization and the absorption of applied heat is composed 
chiefly of the higher end points of the fuel. Thus the conden- 
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sate would be slower in igniting and burning and, as a result, 
would not generate pressures equal to those of the more 
homogeneous mixture during the expansion cycle. 

It is of interest to note that, with these shorter lengths, 
relatively increased velocities are desirable. Moreover, consid- 
eration also should be given to still further modifying the 
individual port areas to compensate for their difference in 
length. In the illustration, these areas, when considering 
either half of the manifold, are in the ratio of 10, 9, and 8, 
the longest branch having the largest area. 

Although gradually increasing velocities from the distribut- 
ing zone to the valve seems to be slightly beneficial, it is the 
treatment of the port adjacent to the valve seat which has a 
major effect upon gas flow. An approach to the true venturi 
is best; however, such an arrangement is difficult to accom- 
plish and it is, therefore, usually necessary to resort to / or 
3/32 in. radius at the port side of the valve seat. Where time 
permits, it is desirable to make laboratory flow tests of port 
models. When making this study, it is important to have the 
port opening fitted with a triple “D” venturi, and the air 
egress should be influenced by shapes which are replicas of 
the combustion chamber and cylinder. Also, the same differ- 
ential in pressure across the inlet valve should obtain as under 
actual operating conditions. Observations should be made at 
both half and full valve opening and, although it usually 
follows that the various shapes will be consistent in their rela- 
tive merits, it may be necessary to consider the piston velocity 
and valve-timing diagram in the final analysis. 

Your research also might suggest a determination of the 
optimum seat width and angle. Exhaustive studies have been 
made relative to the flow characteristics of the 45 and 30-deg 
seats and, although a summation of these results may lead 
one to concede that the 30-deg seat is most effective, a further 
and perhaps more practical consideration of seat cleansing 
must be included in your decision. The 45-deg angle will be 
definitely superior in this regard because of its relatively 
higher rubbing velocity immediately adjacent to seating. If, 
on the other hand, oil is precluded from coming up the valve 
stem, which will mean but very little carbon deposited under- 
neath the valve head, the importance of this consideration will 
be reduced greatly. 

The results of these tests perhaps will indicate a possible 
10% improvement in air flow. Unfortunately, this entire 
amount cannot be reflected in volumetric efficiency because of 
other influencing factors; however, a substantial gain may be 
expected. Predominating among these factors are valve timing, 
compression ratio, and the temperatures of the various parts 
with which the mixture may come in contact. 

Any number of theories have been advanced for choosing a 
valve timing; however, it seems more of an art than a science 
to arrive expeditiously at the best combination. Increasing the 
overlap, that is, opening the intake earlier and closing the 
exhaust later, is most effective in improving maximum power, 
although it likewise follows that the peak is at a higher speed. 
The closing of the intake valve will be a factor in the per- 
missible compression ratio, whereas the exhaust opening will 
influence part-load economy. The method of valve actuation, 
as will be shown subsequently, is likewise a factor and, inas 
much as use of the hydraulic tappet will be proposed, the 
following timing is suggested: inlet valve opening 15 deg 
before top-center, exhaust valve closing 5 deg after top-center, 
exhaust valve opening 45 deg before bottom-center; and inlet 
valve closing 35 deg after bottom-center. 

The permissible maximum compression ratio, which has 
just been mentioned as being influenced by valve timing, has 
as its real limitations combustion-chamber design and the 
remaining predominant factor affecting volumetric efficiency 
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~ cooling ot the component parts with which the incoming 
mixture comes in contact. 

The problems of combustion-chamber design have been 
presented so preeminently in the past that this discussion 
accepts the controlled-flame-propagation type as the desirable 
design when considering the factors involved. Theretore, our 
maximum usable compression ratio or, in other words, the 
restriction on engine output and economy, is now entirely 
dependent upon the degree to which the component parts, 
such as exhaust valves, cylinders, and pistons, can be cooled. 

Exhaust-valve cooling is a function of spring pressure in the 
closed position, length of time the valve is on its seat per 
cycle, mechanical and thermal distortion, and water flow. 

High spring pressures are suggested because the heat trans- 
fer from one metal to another is directly proportional to the 
specific pressures between the contacting surfaces. Here again, 
however, are such limitations as surge and the tappets’ ability 
to carry the load. 

The length of time that a valve is on its seat per cycle obvi- 
ously is controlled by valve timing. Previously, in connection 
with timing, it was mentioned that the use of the hydraulic 
lifter was being proposed, and I should like to digress now 
for a moment and consider its various ramifications since they 
are associated so closely with the problems involved. 

With due respects to its inventor, Mr. Voorhies, it is doubt- 
ful if he originally could have conceived all of the possible ad- 
vantages of the hydraulic lifter. As its name, “zero lash ad- 
juster,” implies, there is no clearance between the tappet and 
valve-stem end, which not only means that noise is precluded 
but, by the very necessity of the cam contour design, the valve 
life is improved greatly. This advantage will be realized more 
fully by referring to Fig. 2, which is a valve-lift curve for a 
manually adjusted tappet. Let us assume that 0.0105 in. of the 
0.015-in. ramp or slow-motion portion is needed to insure 
quietness; then the valve actually would be off its seat 370 
crank deg per cycle. A valve-lift curve for the same quietness 
requirements for the hydraulic lifter would be as shown in 
Fig. 3. Here the valve would be off its seat 300 crank deg. 
In other words, there are 70 additional deg in each cycle for 
which to dissipate heat from the valve into the jacket. 

Again, referring to Figs. 2 and 3, there will be noted a very 
definite difference in the character of the two lift curves adja- 
cent to the valve opening and, incidentally, it is this difference 
which primarily is responsible for greatly improved valve life 
with the hydraulic lifter. The tangent at any point of the lift 
curve represents instantaneous velocity at that point and hence, 
in the*case of a manually adjusted tappet, the valve moves 
very slowly after opening. More specifically, it has opened 
0.0105 in. in 70 deg whereas, in the case of the hydraulically 
actuated tappet, the valve has opened approximately 0.300 in. 
in 70 deg. 
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Fig. | — Intake manifold and ports 
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Assuming the same cylinder pressures at the time of valve 
opening then, throughout the 70 deg, the velocity through 
the valve operated by the manually adjusted tappet is at least 
15 times that of the other. If we now refer to the polar pres- 
sure and timing diagram, Fig. 4, it will be evident that this 
difference in velocity will be even more inasmuch as the pres- 
sure in the cylinder at the time of valve opening is consider- 
ably greater. Remembering that the heat transfer between a 
gas and a metal varies as the square root of the velocity, it is 
very easy to see how considerably more heat has been induced 
into the valve. And, further, since this same valve is on its 
seat a lesser time per cycle, its resultant operating temperature 
is much higher than that of the one operated by the hydraulic 
tappet. Or, expressing it conversely, the lower temperature 
means minimized deterioration with the associated advantages 
of improved volumetric efficiency and permissible increased 
compression ratios. 

Then, too, the hydraulic tappet permits more latitude from 
the structural side of engine design inasmuch as it is not 
necessary to give so much consideration to accessibility. This 
consideration, of course, is becoming more of a factor in the 
current trend in styling. 

Also, previous to the advent of the hydraulic valve tappet, 
it would have been considered impractical to use a 30-deg seat 
on an exhaust because of its adverse influence on the resultant 
position of the end of the valve stem relative to the seat. This 
conclusion obviously assumes that quietness and life were a 
consideration in that the expansion of the head was used as a 
medium to control lash. But the hydraulic tappet, with its 
ability to adjust itself to any requirements of expansion, has 
obviated this objection. Combining this item with the fact 
that seat cleansing is not a problem with the exhaust valve, 
would suggest the 30-deg seat as a possibility, providing it 
did show the contemplated and sustained improvement in 
performance. 

It is not feasible to study exhaust port flows with models, 
as was the case with the inlet, because of the very nature of 
the pressures involved. The relative performance, however, 
may be determined quite logically by operating the engine 
first with the 30-deg seats and then facing them to 45 deg. 
Care should be exercised in obtaining similar shapes on that 
portion of the valve extending beyond the seat into the com- 
bustion chamber, and specific fuel observations at road-load 
power should not be overlooked. Still another precaution, 
which so often is forgotten, is to be certain that the engine has 
run long enough after valve-grinding to pound in any.minute 
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Fig. 2 - Typical valve-lift curve for mechanically adjusted 
tappets 





seat shape irregularities which may have been caused from 
tightening the head. 

After these results have been obtained, there is still the 
problem of the ability of the engine to sustain its output. Ii 
the horsepower is the same for both seat angles, then it should 
be necessary to test further only the 45-deg seat because it will 
operate cooler by virtue of its inherently increased specific seat 
pressure. 

A dynamometer breakdown schedule, to be effective in 
determining these characteristics, should be of such a nature 
as to produce repeated and sudden changes in the possible 
operating temperatures of the valve. The one which we use 
consists of operating the engine for 30 min at full load at a 
speed 25% in excess of the governed speed. The flow of the 
make-up water for the cooling system is adjusted so that the 
cylinder water outlet temperature is 200 F, and this flow is 
left constant throughout the other events of the cycle. Imme- 
diately after this run the engine is idled for 10 min, no load 
400 rpm. Next is 50 min of full-load operation at the torque 
peak. The engine is then motored by the dynamometer for 
14 min at a speed 25% in excess of the governed speed. 
Finally, there is 16 min at road-load power at a speed 85% 
of the governed speed. The complete cycle, which utilizes 
2 hr, is repeated 75 times, making a total of 150 hr. During 
this time horsepower, torque, fuel flow, spark timing, com- 
pression pressures, intake-manifold idle depressions, oil con- 
sumption, and blowby observations are made at regular 
intervals. 

An evaluation of these results will determine the degree to 
which we have cooled the component parts. We are approach- 
ing the ultimate in output when: 1. the power loss at the 
immediate conclusion of the test does not exceed 4%, all of 
which should be regained by removing the carbon; 2. the 
resultant valve seat eccentricity with reference to its guide has 
not increased in excess of 0.0005 1n.; 3. at no time the full or 
no-load blowby has exceeded 0.5 cfm irrespective of speed up 
to 125% of the governed speed; and 4. the oil economy at 
road load and 85% of governed speed is in excess of 2000 
mpg. Items 3 and 4 are predicated upon a 300 cu in. piston 
displacement, and the blowby and oil consumption may be 
expected to change proportionally with another engine size. 

A first attempt at this breakdown schedule usually shows 
results which are not gratifying and, since valves are invari 
ably the chronic offenders, they should be examined first. We 
shall probably find the inlets in good condition and that our 
difficulties are with the exhausts. This condition immediately 


suggests insufficient cooling; so let us now consider the two 
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Fig. 3-Typical valve-lift curve for hydraulic valve tappets 
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remaining factors previously mentioned as influencing this 
trouble, namely, distortion and water flow. 

There are two kinds of distortion — mechanical and thermal 
and, although they manifest themselves in different ways, 
yet they have the singular effect of increasing the operating 
temperatures. As the name implies, mechanical distortion is 
something concrete and can be measured readily. To accom- 
plish this measurement one merely indicates the seat runout 
before and after tightening the cylinder-head capscrews, it, of 
course, having been first necessary to bore through the cyl 
inder head above the valve seats so as to admit the indicator. 
If the distortion is in excess of 0.001 in. at any point, then 
additional consideration should be given to cylinder-head cap 
screw anchorages. A method of accomplishing this anchorage 
will be discussed later. 

Just as the matter of mechanical distortion is concrete and 
visible, so is the subject of thermal distortion elusive to the 
same degree. Its effect is described more easily than its cause 


“CYLINDER PRESSURE CURVE 


~- OPENING AT FULL LOAD 
SMA WITH MECHANICALLY 
| ADJUSTED TAPPET 


° 


115 





r 4s “S< OPENING WITH HYDRAULIC 
TAPPET IRRESPECTIVE OF 


BC LOAD 
CRANK ANGLE - DEGREES 


~ 


Fig. 4—Typical polar pressure and timing diagram for 
mechanically adjusted and hydraulic valve tappets 


and, since water flow is a principal factor in its elimination, 
the two will be treated simultaneously. If we more carefully 
examine the exhaust valves, we may find that the stems are 
worn diametrically opposite at the top and bottom of the 
guides respectively. This condition may be the result of the 
valve springs not being ground exactly square under load, but 
it is more likely to be the result of forced misalignment be 
tween the guide and the seat. This misalignment is induced 
through changes in temperatures in the exhaust ports wherein 
the valve guide actually is displaced eccentrically relative to 
the valve seat. If this transition were to take place gradually 
and at the same time be small in magnitude, the valve would 
pound into its new seat without undue leakage. This then is 
the reason for selecting a breakdown schedule with repeated 
and sudden changes in temperatures, the thought being that 
valve failure will result if the distortion or displacement is 
excessive. 

There is no hard and fast rule for obviating this condition 
as there may be many ways to arrive at the same result; how 
ever, Fig. 5 illustrates one of the more effective means. Here 
you will note that a portion of the cooling water is discharged 
close to and directly at a point between the exhaust-valve seat 
and the cylinder wall. Its flow is stimulated definitely around 
the entire valve and port periphery through the medium of 
scallops directly over the port and admittance to the head at 
the center of the port. Another interesting feature is that the 
distance from the valve seat to the water is circumferentially 
uniform. 

The remaining portion of the cooling water is directed at 
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Fig. 5— Diagrammatic illustration of water flow adjacent to 
exhaust valve 


the base of the port immediately adjacent to the upper end of 
the valve guide. The unorthodox-shaped port also provides 
the closest possible proximity of the cooling water to the 
upper end of the valve-stem guide which further augments 
cooling while, at the same time, alleviating any tendency for 
valve-stem sticking. If these suggestions are incorporated and 
the test repeated, doubtless the valves will remain intact. 

Perhaps we have still tailed to measure up to the yardstick, 
which would suggest dithculty with the cylinder walls. Here 
again distortion is likely to be the cause. The same two types 
may exist, although the offender is likely to be mechanical 
distortion since we have done as much as practical in the 
elimination of thermal distortion by having directed a portion 
of the cooling water between the exhaust port and the cylinder 
wall. This design presupposes arrangement of the upper deck 
and its communication with the cylinder head so as to pre- 
clude the formation of steam pockets. 

The determination of mechanical cylinder-barrel distortion 
is accomplished quite similarly to that suggested in the valves 
except that here diameters are observed rather than indicator 
readings. It is usually desirable to make observations parallel, 
at right angles, and at the two intermediate 45-deg points in. 
planes ¥, in., 1 in. and 14 in. down from the cylinder-head 
face. In some instances readings should be taken at a plane 
half way down the barrel and also at the bottom of the barrel. 
This distortion should not exceed 0.0005 in. at any point. 

Naturally, the cause of the distortion is insecure positioning 
of the cylinder-head stud or capscrew anchorages. Usually a 
graphical study of the change in diameters will suggest the 
offending anchorages, although at times it is necessary to make 
the measurements from some external fixed object. One prac 
tical method of improvement is shown in Fig. 6. Here it will 


Fig. 6-Typical 
stud anchorage 
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Fig. 7 - Diagrammatic illustration of forces influencing 
distortion 


be noted that the bosses into which the screws communicate 
are anchored definitely to the base of the cylinder block either 
through a reduced section boss or a rib. 

Fig. 7 gives an accentuated diagrammatic presentation of 
the reasoning behind the cause of the distortion and why the 
anchorage is of major importance. The extra gasket grom- 
meting at the combustion chamber acts as a fulcrum around 
which the upper deck of the cylinder block and the cylinder 
barrel rotates simultaneously through the efforts of the cap- 
screw. Modifications of the anchorages, as previously de 
scribed, are intended to prevent this rotation. Then, too, the 
wall thickness of the deck adjacent to the barrel is thinned so 
as to impair its ability to transfer the effects of even a minute 
movement of the capscrew anchorage, whereas the cylinder 
barrel is thickened to resist the attempted movement. 

Thus we have reviewed the essentials of cooling with the 
exception of the piston. Although the piston is last on our list 
of considerations, still it is a major factor in its effect upon 
maximum power output and an even greater one in its influ- 
ence upon specific fuel consumption at road-load require- 
ments. Since it is a highly specialized item and we, as engine 
designers, contribute very little to its design, it is only natural 
that we should seek the impossible in its characteristics. The 
perfect piston would not generate any self-imposed friction, 
would not rock in the cylinder irrespective of load or speed 
and, finally, would effect the proper heat dissipation for maxi- 
mum thermal and volumetric efficiency. Moreover, from the 
practical viewpoint, designs are now available which definitely 
alleviate full-load self-imposed friction, although there is some 
difficulty in coordinating this characteristic with road-load 
requirements. And I should again like to reiterate that this 
friction and heat dissipation have a tremendous effect upon 
gasoline consumption at road load. 

Before concluding it might be well to review the effect of 
ignition and fuel upon our contemplated results. The wide- 
gap spark-plug setting is to be preferred because of its ability 
to fire a more rarefied road-load charge. It should be remem 
bered that individual leads to the plugs, not touching each 
other nor grounded, give the best electrical characteristics. 
whereas the same type wiring with the leads grounded, gives 
the worst. If the former arrangement is not practical, then a 
grounded metal conduit carrying all the wires is next best. 
The coil should have negative polarity, and the seven-strand 
0.013-in. stainless wire is most desirable for the high-tension 
cables. 


Ignition timing, likewise, is an important factor, and varia 
tions should be minimized through reduction in back lash or 
the use of a distributor brake. Vacuum control is an essential, 
and extreme care is required in its application. 

Fuel, of course, is the source of power. Through the co 
ordinated efforts of fuel research engineers, outstanding 
achievements have been made, and we as engine men desire 
to recognize the reflection of their developments in our de- 
signs. 

Summarizing then, although it is evident that distribution, 
combustion, and cooling are still the fundamentals in engine 
design, it is the regard we have for the importance of the 
allied factors which actually produces the ultimate in output. 
We desire, therefore, to now predict that 125 |b per sq in. 
bmep in an L-head engine is well within the realm of prac- 
tical possibilities when using 7o-octane gasoline as a fuel. 


Additional Advantages of 
Hydraulic Lifters 


—Carl Voorhies 
Wilcox-Rich Division, Eaton Mfg. Co. 


ie connection with the factors limiting the maximum allowable com- 
pression ratio, we have found, in some engines, that the compression 
curves have a tendency to cross where there is much difference in intake- 
manifold lengths. It would seem no more logical for the timing to be 
identical for individual cylinders in an engine than for the timing in 
all engines to be alike, where the same power characteristic is desired. 
The duration of inertia flow in time is affected by the length of the 
manifold, therefore, in an cngine with considerable variation in manifold 
length, the compression curves have a tendency to cross. With a given 
(Concluded on page 92) 
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Recent Ruropean 


Developments in 


High-Speed Diesel Engines 


By P. M. Heldt 


Engineering Editor, “Automotive Industries” 


HE two-stroke cycle is in the ascendancy in 

European diesel engine development, espe- 
cially for aircraft, Mr. Heldt reports, even though 
most of the European diesels operating today, 
with the exeeption of the Junkers, are of the four- 
stroke cycle type. The author explains that auto- 
motive-type diesel engines are being used much 
more extensively in European countries than in 
the United States, principally because of the much 
greater differential between the cost of carburetor- 
engine fuels and diesel fuels in Europe. 


Of 176 European automotive diesels for which 
specifications were published recently in Automo- 
tive Industries, Mr. Heldt points out that 55 have 
direct injection; 53 have precombustion cham- 
bers; 49 have turbulence chambers; and 19 are 
the air-chamber type. 


Specifications are listed for eight diesel engines 
that either are actually being fitted into stock 
European passenger cars, or are recommended for 
the purpose. Design features of French, English, 
German, Swiss, and Czech diesels are discussed. 


used much more extensively in European countries than 

in the United States, in proportion to the total horse- 
powers used in transportation in the various countries. This 
condition is undoubtedly due to the much higher fuel cost 
and the consequent greater differential between carburetor 
and diesel fuels in European countries. Up to the present at 
least, the diesel engine has been considerably higher in first 
cost, and the saving on fuel cost which may reasonably be 
figured during the life of the engine must warrant the addi- 
tional first cost. With fuel prices what they are in European 
countries, the purchase of diesel-powered equipment evidently 
is justified in the case of trucks of more than 2 or 24% tons 


\ UTOMOTIVE-TYPE diesel engines at present are being 
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capacity, and of large buses, for such vehicles now are powered 
with diesel engines almost exclusively. In most European 
countries diesel fuel is taxed at the same rate per unit of 
volume as fuel for carburetor engines, and a uniform increase 


{This paper has been condensed from the one presented at the Semi- 
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in the tax on all motor fuels, like that which occurred in 
England recently, further increases the differential between 
carburetor and diesel fuels and adds to the advantage of the 
diesel. The moderate-sized diesel engine also has found its 
way into marine applications at a rapid rate, particularly in 
England, and there the reduction in the fire hazard which 
accompanies its adoption is perhaps as important a factor as 
the reduction in fuel costs. Marine diesel engines, of course, 
do not turn over as fast as engines primarily designed for 
trucks and buses, but their speeds alse have been creeping up. 

There seems to be still a considerable market in Europe for 
moderate-sized railcars and short trains composed of a motor- 
car and one or two trailer cars, and these units are now being 
fitted with diesel engines in the majority of cases. A good 
deal of diesel-powered railway rolling stock is being shipped 
from Great Britain to South America and to the British 
Dominions. In railway applications also the reduced fire 
hazard of the diesel is an important factor. 

The acceptance met by the automotive diesel in the heavy- 
truck field encouraged manufacturers to extend their markets 
by setting out to develop engines suitable for use in passenger 
cars as well as in light trucks. This application, of course, 
called for higher rotary speeds than are customary in large 
truck engines, in order to bring down the specific weights. 
A considerable number of engines are now being produced in 
European countries with a specific weight of less than 15 lb. 
per hp., but not all of these engines are sold for use in pas- 
senger cars. The manufacturers producing these small en- 
gines have received particular encouragement from operators 
of taxicabs. It is quite obvious that, in countries where gaso- 
line costs from three to five times as much as it does here, the 
fuel cost is a very important item in the operation of a taxi 
service, and any prospect of cutting it to one-third or less 
naturally draws the attention of such operators. 

The accompanying table gives the principal specificatiens 
of diesel engines that actually are being fitted into stock pas- 
senger cars or are recommended for the purpose by their 
makers. 


Diesel Passenger-Car Engines 


Cyl No., 
Bore and Hp and Specific 
Stroke, Displacement, Speed, Weight, 
Make in. cu in. rpm lb per hp 
Citroen 4-2.95 by 3.94 107.7 40 at 3500 11.1 
Hanomag 3-3.14 by 3.74 115.9 32 at 3000 
Junkers 4-3.39 by 9.45 332.3 120 at 1500 13.7 
Mercedes 4-3.54 by 3.94 155 45 at 2800 15.5 
Saurer 4-3.13 by 4.73 147 43 at 2500 13.7 
Saurer 4-3.34 by 4.93 173 50 at 2500 12.3 
Saurer 6-3.13 by 4.73 221 75 at 3000 9.8 
Saurer 6-3.34 by 4.93 260 88 at 3000 8.6 
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In their enthusiasm over the success of the diesel in the 
heavy-truck field, a number of German manufacturers about 
two years ago came to the conclusion that it was destined to 
rule the light-truck field as well, and discontinued the manu- 
facture of gasoline-engined trucks of 1-ton capacity or there- 
abouts. However, since the difference in the cost of gasoline 
and diesel engines is dependent mainly on the cost of the 
injection equipment, which does not change materially with 
size, the increased first cost was a much greater handicap in 
this field, and severe competition from quantity-producers of 
light gasoline trucks made necessary a return to that type on 
the part of makers who had abandoned it. 

A good general idea of what Europe offers in the way of 
automotive-type diesel engines can be obtained from a table 
of specifications published in Automotive Industries of May 
28, 1938. 

Of 176 European automotive diesel engines there listed, 55 
have direct injection, 53 precombustion chambers, 49 turbu- 
lence chambers, and 19 air chambers. The _ turbulence- 
chamber type predominates in England, the precombustion- 
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chamber type in Germany. Of course, the demarcation 
between the different types is not a very sharp one. For 
instance, the Saurer engines have a turbulence chamber in 
the piston, which forms practically the whole of the compres- 
sion chamber and is wide open to the cylinder. As in this 
case the fuel is injected through the upper part of the cylinder 
into the turbulence chamber, these engines are classed as 
direct-injection engines. 

Practically all engines work on the four-stroke cycle, the 
only prominent exception being the Junkers. However, the 
two-stroke cycle is receiving a good deal of attention, espe- 
cially in the aircraft-engine field. Besides the Junkers Works, 
Krupp in Germany and C.L.M. in France manufacture 
Junkers-type two-stroke engines. The only other two-stroke 
high-speed diesel engines in production in Europe, so far as 
I know, are the Petters in England, a marine engine, the 
Burmeister & Wain in Denmark, which is used principally 
for railcars, and the Jung in Germany. All except the last one 
use a separate blower for scavenging. | 

In order to assure long life of injection nozzles in high- 
speed engines, their tips must be protected against excessive 
temperatures. Certain manufacturers for quite a number of 
years past have inserted the nozzle into a sleeve extending 
through the water jacket and in direct contact with water all 
around. This method of cooling, however, is hardly applicable 
where the nozzle injects into a precombustion chamber or 
into a turbulence chamber. 


Fig. 1 shows a method of heat protection tor the nozzle 
which has been developed by the Daimler-Benz Co. To pre- 
vent direct heating of the injector body, a soft-copper washer 
is placed under it, and, to obtain a dependable seal, the nozzle 
is machined so it projects about 0.004 in. from the cap nut, 
When the nozzle is fastened down, the copper washer de 
forms plastically until the cap nut seats firmly on the copper. 
Thermocouple measurements are said to have shown that the 
face of the injector in contact with the copper washer under 
conditions of full load reached a maximum temperature of 
only 375 F, whereas the metal immediately below the washer 
reached a temperature of 1100 F. 

The English Electric Co. builds diesel engines for use on 
railcars and for stationary duty, of comparatively large output 
and moderate speed. An interesting feature of one engine of 
this line is a remote-control device by means of which the 
governor can be made to hold the engine within any one ot 
three different speed ranges. It comprises a hydraulic relay 
actuated by the pressure on the oil in the engine lubricating 
system. In this relay (Fig. 2) there are three parallel cylinders 
whose axes are at the corners of an equilateral triangle. The 
pistons in these cylinders can press against crank arms on a 
horizontal shaft extending through the housing of the relay 
which, outside the housing, carries a lever arm from which 
there is link connection to an arm on the governor shaft on 
the injection pump. Mounted at the forward end of the 
engine is a group of three solenoids, which actuate piston 
valves below them. These valves control the flow of oil from 
the engine lubricating system, admitting the oil to one or 
another of the three cylinders and, at the same time, opening 
the other two cylinders so that oil can escape from them. In 
the drawing, A designates the enclosed return spring that 
brings the governor lever to the “stop” position when all 
three solenoids are de-energized; B is the piston that controls 
the lowest speed range; and C, the adjustable stop for this 
piston. D is the lever arm of the injection-timing device. The 
intermediate speed range is controlled by the cylinder farthest 
from the engine; the highest speed range, by the cylinder 
next to the engine. In the lower of the two drawings the 
piston in the upper cylinder is shown in contact with its crank 
arm, and the control therefore is set to operate in the highest 
speed range. Each speed range can be changed readily by 
means of the setscrew in the crank arm. When it is desired 
to change from one speed range to another, the solenoid 
switch is moved accordingly. Oil then can escape from the 
cylinder which has been under pressure, and oil under pres 
sure is admitted to the cylinder corresponding to the speed 
range desired. The three ranges provided in railcar installa 
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Fig. 3—CLM 6-cyl, two-stroke, double-piston railcar engine 
of 150 hp 


tions normally have upper limits (engine idling) of 580, goo, 
and 1350 rpm. 

Practically all French manufacturers of automotive-type 
diesel engines operate under foreign licenses. Thus Bernard, 
Latil, and Delahaye operate under Gardner license; Rochet 
Schneider and Peugeot, under Oberhansli license; C.L.M.., 
under Junkers license; and Renault, Berliet, and Citroen, 
under Ricardo license. The Unic Automobile Co. manufac 
tures a prechamber-type diesel with a combustion-chamber 
arrangement similar to that of the Mercedes. The four 
cylinder engine of 4.33-in. bore by 5.12-in. stroke (298 cu in.) 
develops 65 hp at 2000 rpm. Cylinder heads are cast in pairs, 
and wet liners are provided in the engine block. The crank 
shaft has only three main bearings, which is rather unusual 
for diesel engines, and its bearing surfaces are hardened by 
the Double-Duro process. Pistons are of the Bohnalite type, 
and the injection equipment is Lavalette-Bosch. 

The Ricardo “Whirlpool” combustion chamber, which has 
been adopted by Berliet among others, is a horizontal disc 
shaped chamber with a diameter at least 50% greater than 
its height and with two inlet ports in the uncooled wall of 
the cylinder head, which enter the chamber tangentially at an 
angle of 45 deg. It is claimed that the Whirlpool chamber 
produces three-dimensional turbulence and that, as compared 
with the Comet combustion chamber, it gives a slightly higher 


Fig. 4-Krupp 4-cyl, air-cooled precham- 
ber-type truck engine 
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bmep and an ignition delay which is less by several crank 
degrees. 

Compagnie Lilloise de Moteurs of Lille manufactures two 
stroke engines of the general type of Junkers, but with upper 
and lower crankshafts which are connected by spur gearing. 
A centrifugal single-stage blower is used for scavenging and 
supercharging. The automotive (motor-truck) engine has a 
bore of 2.36 in. and a combined stroke of 5.90 in. As a 4-cyl 
engine it is said to develop 60 hp, and as a 6-cyl engine, 90 
hp at 3000 rpm. The specific weight of the 6-cyl model with 
flywheel and complete electrical equipment is given as 7.7 lb 
per hp, which is unusually low. Of course, light alloy castings 
are used for all structural parts. Fig. 3 shows a larger engine, 
the 6 DV 85, a 6-cyl engine of the 3.34-in. bore and 8.26-in. 
combined stroke, which develops 150 hp at 2100 rpm, weighs 
1433 lb, and is used mainly for railcar service. When two 
crankshafts are used, the strokes of the two pistons are made 
alike whereas, in the regular Junkers engine with single 
crankshaft, the stroke of the upper pistons is made shorter 
on account of the extra reciprocating weights attached to 
them. 

The Krupp Works, in addition to the Junkers two-stroke 
engine which it builds under license, also builds another 
entirely different type of diesel engine for use on light trucks. 
As illustrated in Fig. 4, this is a 4-cyl air-cooled engine of 
the prechamber-type. Up to recently Krupp built a 3-cyl 
Junkers engine which had exactly the same displacement 
(249 cu in.) as the 4-cyl, four-stroke, and this similarity sug 
gests a comparison. The four-stroke engine has an output of 
50 hp at 2200 rpm; the two-stroke engine, 85 hp at 1500 
rpm. The maximum bmep is 87 lb per sq in. in the four 
stroke engine and 105 lb per sq in. in the two-stroke engine 
which, of course, is made possible by supercharging. As a 
piston-type supercharger is used, it is perhaps not a fair 
comparison. The specific fuel consumption is 0.49 lb per 
hp-hr in the case of the four-stroke engine, and 0.44 lb per 
hp-hr in the case of the two-stroke engine. This difference, 
however, is probably due more to the difference in the com 
bustion processes than to that in the engine cycles, as the 
four-stroke engine is of the prechamber type, which admit 
tedly is somewhat less efficient than the direct-injection type, 
to which the two-stroke Krupp Junkers belongs. The dif- 
ference in the combustion processes also explains the differ- 
ence in the maximum pressures of 710 and 1000 lb per sq in. 


in the prechamber and the direct-injection engine, respectively. 
But, although the two-stroke engine develops 70% 
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Fig. 5—Transverse section of Mercedes passenger-car diesel 
engine 


power per unit of displacement than does the four-stroke 
engine, its advantage on a weight basis is much smaller, the 
figures being 18% and 20 lb per hp for the two-stroke and 
four-stroke engines, respectively. Both of the Krupp engines 
have intermediate bearings of such diameter that the crank- 
shaft can be withdrawn through them endwise. 

Daimler-Benz Co. in Germany produces a small diesel 
engine for passenger cars, taxicabs, light delivery wagons, 
and the like. It is a 4-cyl design of the familiar Mercedes 
prechamber type, and a cross-section of it is shown in Fig. 5. 
The prechamber unit is set into the cylinder head at an angle 
of 47 deg. Cylinder dimensions are 3.54-in. bore by 3.94-in. 
stroke, and the engine is rated 45 hp at 2800 rpm. Combus- 
tion pressure is said not to exceed 700 lb per sq in., and the 
injection pressure is only 1250 lb per sq in. These two 
features, namely, low injection pressure and low combustion 
pressure, are the two outstanding characteristics of the pre- 
chamber engine. The low combustion pressure is due to the 
fact that, before the fuel is introduced into the cylinder, it 
is raised to the ignition temperature in the prechamber so, in 
the main combustion chamber, it burns as it is introduced, 
that is, gradually. In the prechamber the combustion pressure 
is of the same order as that in the main chamber in a direct- 
injection engine but, as the prechamber is a small, practically 
closed vessel, a high pressure in it can do no harm. The 
specific fuel consumption claimed for the small Mercedes 
diesel is 0.44-0.45 lb per hp-hr. 

A number of interesting structural and other features can 
be seen from the drawing of this engine, Fig. 5. The upper 
half of the crankcase is cast integral with the cylinder block, 
whereas the lower half is in two castings. There are internal 
transverse fins in the lower half of the crankcase, extending 


over both parts thereof, and external longitudinal fins on the 
oil sump. The side walls of the block are nearly vertical, 
which should give relatively high rigidity, even though the 
block does not extend below the crankshaft axis. Counter- 
weights are attached to the crank arms, and a Lanchester- 
type vibration damper is carried by the crankshaft at its 
forward end. The rocker arms and other parts of the valve 
gear are lubricated from the engine pressure system through 
the hollow camshaft and a tube extending up through the 
rear part of the engine housing from the rear camshaft 
bearing. 

A great deal of development work on small diesel engines 
has been done in recent years by the Swiss firm of Saurer at 
Arbon. It started out some years ago by building high-speed 
diesels with the Acro combustion head. In the Acro system 
there is a separate combustion chamber in the cylinder head 
which communicates with the cylinder through a throat or 
venturi, and the fuel is injected into the throat from the 
cylinder side. Saurer later modified the system so that the 
fuel was injected across the air stream in the cell or chamber 
after it had passed through the throat. Still later the firm 
developed its own form of combustion chamber, known as 
the dual-turbulence chamber, which is located in the upper 
part of the piston. Air flow in the horizontal plane is pro- 
duced by masked inlet valves, and in the vertical plane by the 
heart-like shape of the chamber in the piston head. 

Saurer also developed its own type of injection nozzle 
(Fig. 6), which is of what is referred to as the annular-slot 
type. The valve which closes the nozzle has a mushroom-type 
head and gives a conical-sheath spray of 150-deg included 
angle. It is claimed for this nozzle that at low speeds the 
valve lifts only very slightly, hence the pressure behind it 
builds up quickly, so that the fineness of atomization is just 
about the same as at high speeds, which is not the case with 
the multi-orifice nozzle, where the effective area is approxi- 
mately the same at all speeds. 

Back of the valve head there are helical flutes on the valve 
stem which ensure a more nearly uniform distribution of the 
fuel throughout the combustion chamber. A fuel filter is 
built directly into the injector. A neat method of securmg 
the fue! pipe to the injector is being used. The injector is set 
into a bore in the cylinder head, in which it is submerged. 
It is provided with a spherical seat at its outer end, against 
which rests the spherical terminal of the high-pressure line 
which is inserted through a cross bore. The terminal is forced 
against the top of the injector by a setscrew, as shown in the 
illustration. To prevent stress concentration at the joint of 
the tube with the connector, the latter is cut off at an angle 
of about 45 deg. 

An automatic timing device for mjection pumps has been 
developed by the Saurer Co., of which a sectional view is 
shown in Fig. 7. As the governor weights move radially out- 
ward or inward, under the influence of centrifugal force and 
of the governor springs, respectively, they move a piston valve 
in an axial direction. A lead from the engine lubricating 
system connects to the bearing of the pump driveshaft, and oil 
is carried from there through grooves cut in the bearing and 
radial holes in the driveshaft assembly to the valve at the cen- 
ter of the shaft. As the engine speed increases, the piston 
valve uncovers the port; oil under pressure then enters the 
relay cylinder and forces the piston therein in an axial direc- 
tion away from the governor weights, against spring pressure. 
The piston is provided with an extension at its rear end, 
formed with helical splines that engage similar splines inside 
the hollow driveshaft. Any axial motion of the piston results 
in an angular motion of the pump shaft and in a change in 
the injection timing. In the small Saurer diesel engine Type 
CCD, this automatic injection-timing device advances injection 
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beginning from about 5 deg ahead of dead-center at 1500 rpm 
to 1344 deg at 3000 rpm. Below 1500 rpm the rate of change 
in the timing is more rapid and, at about 850 rpm, injection 
begins only at dead-center. 

The 6-cyl is the preferred type of diesel engine for truck 
and bus use, although for smaller powers as used for pas- 
senger cars, taxis, and light delivery wagons, the 4-cyl type 
predominates. With 6-cyl engines, owing to the relatively 
high weight of the moving parts, the critical speed due to the 
sixth harmonic is usually within the operating range and, as 
this harmonic causes considerable torsional vibration, torsion 
dampers usually are provided. 

The Saurer Co. made some tests on its 6-cyl 221-cu in. 
engine with a Summers torsiograph. Without a vibration 
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damper there was a serious critical speed at 2300 rpm due to 
the sixth harmonic. Critical speeds due to the 7%., 9., 12., 
and 15. harmonics also were discernible plainly. Without the 
vibration damper the moving system had a natural torsional 
frequency of 13,740 cycles per min. When a 
damper of the rubber-hysteresis type was applied, 
the frequency of the system decreased to 11,550 
cycles per min, but the damping action greatly 
decreased the amplitude of the vibrations, that 
of the highest critical being reduced 64%. 

An interesting recent development in the 
diesel-engine field in Germany is that of a stand- 
ard engine for cross-country-type army trucks. 
Three leading manufacturers of diesel engines - 
M.A.N., Henschel, and Humboldt-Deutz — were 
commissioned to evolve the design, and the 
M.A.N. type of combustion chamber was chosen. 

The general specifications for the engine, set- 
tled upon after tests of the cross-country army 
truck with other engines, were as follows: 
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(90% of the peak output), 75 hp net; as high a speed as prac- 
ticable, because of its effect on the size and weight of the 
transmission members. 

A speed of 2400 rpm was selected, and it was decided to 
make the engine a 6-cyl one of 4.13 x 4.72 in. bore and stroke. 
These cylinder dimensions were about the smallest that the 
three manufacturers who developed the new standard had had 
any previous experience with. 

Tests extending over a number of years, made at M.A.N., 
showed that the friction mep of a diesel engine can be repre- 
sented roughly by a straight line on a base of piston speed, 
corresponding to the equation 

P; = 15.25 + 0.0144 S, lb per sq in., 
where S is the piston speed in fpm. 

At a piston speed of 2000 fpm the friction mep is 44 lb 
per sq in. As the friction mep increases with the piston speed 
and the imep decreases, it is obvious that the brake thermal 
efficiency decreases rapidly at high speeds and, for this reason, 
a piston speed of 2000 fpm was considered the limit which, 
with the stroke chosen, gave a rotary speed of 2400 rpm. 
Cross-sections of the engine are shown in Figs. 8 and 9. 

Gray iron is used as material for the engine block, but 
experiments were made also with silicon-aluminum alloy. 
Wet liners are used. Main bearings have lead-bronze linings. 
Six of the bearings are of the same size, whereas the center 
bearing, on which the end thrust is taken, is wider than the 
others. Making the rear bearing, which is next to the rather 
heavy flywheel, no wider than the intermediary bearings is 
quite a departure in automotive practice. The six bearing 
shells are interchangeable, and are lined on their cylindrical 
surfaces only. Although copper-lead is the bearing alloy 
regularly used, experiments have been made also with an 
aluminum bearing alloy. The crankshaft is counterweighted, 
but only one crank arm of each pair carries a balance weight. 

Owing to the necessarily large weight of the moving parts, 
it was impossible to keep the critical speed of the sixth order 
outside the operating range, and the engine is provided with 
a torsion damper on its crankshaft. This damper is of the 
Lanchester type, but operates in oil and is enclosed in the 
cam-gear housing, the design being such that it does not add 
to the length of the engine. 

The choice of the combustion-chamber form was deter- 
mined by the stipulation that it must be possible to start the 
engine from cold without any outside aids, such as electric 
glow plugs. This stipulation made direct injection necessary. 
There appears to have been keen rivalry between various 
German manufacturers to get their combustion system 
adopted for the purpose, and in the report of the committee 
it is pointed out that further development of other combus- 
tion systems is not hampered by this decision, as all of the 
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parts having to do with the combustion system are combined 
in the cylinder head so, in case a better system should be 
developed, a change-over could be made readily. 

To make it possible to withdraw the pistons and connecting 
rods through the cylinders, the big end is split at an angle 
of 45 deg. This construction has the further advantage that 
smaller connecting-rod bolts can be used. This type of con- 
necting rod is said to have met all expectations in the large 
number of these engines already in use. The cap is not 
dovetailed, but tubular dowels are used. The engine has a 
dry sump-type lubrication system, this type being made 
necessary by the fact that cross-country vehicles may assume 
inclinations up to 30 deg in any direction. This system per- 
mits of the use of a flat, shallow sump, which makes possible 
the high ground clearance specified. Oil passes through the 
hollow camshaft to the rocker-arm bearings. 

The engine develops an absolute maximum of go hp, and 
a net (after deduction of the power required to drive acces- 
sories) of 83 hp. At maximum output the fuel consumption 
is 0.53 lb per hp-hr. At maximum torque the consumption is 
0.45 lb. The weight is 1320 lb. Valves have a diameter of 
1.65 in. and a lift of 0.4 in. The timing is as follows: 

Inlet opens —18.5 deg, closes +-31.5 deg. 

Exhaust opens —58.5 deg, closes +18.5 deg. 

Main bearings have a diameter of 3.15 in. and a length of 
1.61 in., except the center bearing, which has a length of 2 in. 
Crankpins have a diameter of 2% in. and a length of 1.89 in. 
Piston-pin bearings are 14 in. in diameter. 

Railcar engines also have been standardized in Germany to 
a certain extent. In 1935 a four-wheel railcar equipped with 
an 8-cyl horizontal engine was built for the German State 











Fig. 8-Transverse section of standardized German Army 
truck engine 


Railway. The engine and transmission were mounted on a 
common drop frame suspended on rubber from the under 
frame of the car. This under-frame mounting, of course, 
gives the maximum seating capacity for a certain length of 
car. The output was 180 hp at 1500 rpm. The State Railway 
fitted a number of railcars with this engine, including a novel 
type of observation car. The results obtained led to the design 
of a larger, 12-cyl, horizontal-opposed railcar engine, of 275 
hp at 1500 rpm. This engine, developed with the assistance 
of the State Railways, now is being built by four different 
manufacturers, namely, Daimler-Benz, M.A.N., Humboldt 
Deutz, and the German Works at Kiel. Fig. 10 shows one 
of these engines built by M.A.N. It has a bore of 5% in. and 
a stroke of 7% in. The engine block consists of two iron 
castings bolted together in the vertical plane through the 
crankshaft axis, which are provided with wet liners. One 
plain and one forked connecting rod connect to each crank- 
pin. Recently a turbo blower has been applied to this engine 
and the output thereby boosted to 400 hp at 1500 rpm. With- 
out the blower the specific weight of the engine is 19.14 |b 
per hp whereas, with supercharger, it is reduced to 13.42 |b 
per hp. 

The 8-cyl opposed engine has the disadvantage that com 
plete balance of reciprocating parts can be obtained only by 
using a single-plane, four-throw crankshaft and firing two 
cylinders at the same time. That this is not entirely satisfac 
tory is obvious, and it is worth noting that the latest 8-cy! 
horizontal railcar engine of the Humboldt-Deutz firm has all 
8 cylinders on the same side of the crankshaft. 

The ideal torque curve for an automotive engine is not a 
flat horizontal curve, as often has been taken for granted, but 
a curve which keeps rising as the speed decreases. The torque 
curve of a diesel engine is very largely dependent on the 
delivery characteristics of the pump. If the injection pump 
for a fixed setting of the control rod delivers more fuel per 
cycle at low than at high speed, then the engine will have 
this desirable characteristic of a torque varying inversely as 
the speed throughout the normal operating range. Naturally, 
every manufacturer of injection equipment has been striving 
to give his pump this characteristic, and a number of different 
expedients have been resorted to. Some years ago the Henschel 
firm in Germany developed what it called an mep regulator, 
which consists essentially of an automatic bypass in each of 
the high-pressure fuel lines. As the speed of the engine in- 
creases, the pressure in the fuel line increases, and this pres- 
sure increase opens the bypass valve through which some of 
the fuel delivered by the pump is bypassed. At low speeds 
the bypass valve remains closed, and the whole of the fuel 
delivered is injected into the engine. The rights to this con 
trol system have been acquired by Robert Bosch Co. 

The Bosch Co. also has developed its pumps in such a way 
as to improve their delivery characteristics. The change is 
entirely in the delivery valve, and drawings of the old and 
new delivery valves are shown in Fig. 11. The valves are of 
the mushroom type and have fluted stems. In the old stems 
(left) the flutes were of uniform cross section over practically 
their whole length whereas, in the new design (right), the 
flutes taper toward the top. The valve lift increases with the 
pressure on the fuel, that is, with the engine speed. When 
the pressure is relieved by the opening of the relief valve in 
the pump, there is, of course, a certain return flow through 
the delivery valve, due to expansion of the fuel and contrac- 
tion of the pipe. As the valve lift is greater at high speeds 
and the cross-section increases with the lift, the return flow is 
greater at high speeds and this condition is said to give the 
characteristic of a delivery which increases as the speed of the 
engine decreases. 


A British small diesel engine is the Perkins, made by F. 
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Fig. ?-Longitudinal section of standardized German Army truck engine 


Perkins, Ltd., of Peterborough. It is of the 


chamber type, having a spherical chamber in the cylinder 
head into which the fuel is injected. Where the Perkins 
differs from other engines of the same general type is that 
the injection nozzle has two orifices from which issue fuel 


jets in entirely different directions, one jet being 
directed into the throat of the turbulence cham- 
ber against the incoming air stream, whereas the 
other is directed into the chamber in the direc 
tion of the air stream. This double jet is claimed 
to result in very efficient combustion because of 
the uniform dispersion of the fuel in the air 
charge. The engine is started from cold without 
the use of heater plugs, and heat losses are 
claimed to be relatively small. 

The camshaft, which is chain-driven, is ar 
ranged high up on the side of the cylinder block, 
and the valve tappets act directly on the rocker 
arms, so that intermediate side rods are elim- 
inated. This arrangement, of course, reduces the 
valve reciprocating weights and lightens the load 
on the valve springs. 

The 6-cyl engine of 3'4-in. bore and 5-in. 
stroke (288-cu in. displacement) is rated 85 hp 


turbulence- at 2600 rpm, which corresponds to the relatively high bmep of 
88 lb per sq in. The weight of this engine with fan, water 
pump, electric starting equipment, exhaust manifold, fuel- 
transfer pump and filters, flywheel, and bell housing is given 
as 712 lb, which seems remarkably light for an engine having 
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Fig. 1O-—M.A.N. 12-cyl, horizontal-opposed railcar engine of 275 hp 
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Fig. 11-Old and new delivery valves 
of Bosch injection pump 


Fig. 12— Longitudinal section of Per- 
kins 6-cyl engine 


a cast-iron block. The maximum combustion pressure is given 
as 750 lb per sq in. Fig. 12 is a longitudinal section of the 
engine. 

Development work on aircraft diesel engines also is pro- 
ceeding in Europe. The Germans, of course, have the Junkers 
Jumo, an engine of 600 hp maximum output, which powered 
the two seaplanes that made the exploration flights from the 
Azores to New York last year and which are used in a num- 
ber of regular air services. Besides, they have the 16-cyl 1100- 
1200 hp Mercedes engine which powered the dirigible Hin- 
denburg. Work is said to be in progress at present on a 
2000-hp Junkers engine, but no details of this engine have 
come to my attention. 

In England, diesel-type aircraft engines have been built by 
the Bristol Aeroplane Co. and by the Napier firm, which 
latter has the British rights for the Junkers design. Some 
years ago there was considerable activity in England along 
this line, and an altitude record for diesel-engined planes was 
established there in 1934 by a plane equipped with a Bristol 
Phoenix engine. The development work was supported by 
the Government which later decided not to carry it any 
further for the time being. 

More aircraft diesel engines seem to be under development 
in France than in any other country. They include the 
following: 

A two-stroke 6-cyl engine of the Junkers type, of 450-500 
hp, by the Société Lilloise de Moteurs. 

A 12-+yl, four-stroke, liquid-cooled V-engine of 600 hp at 
1800 rpm by Louis Coatalen. 

A 14-cyl, four-stroke, air-cooled, two-row radial, designed 
by M. Clerget, which is under development in the Govern- 
ment engine plant. 

A two-stroke radial engine with 9 double cylinders, each 
pair having a common combustion chamber, at the Salmson 
plant. 

A nine-cylinder two-stroke engine built under license from 
the Brno Iron Works of Czechoslovakia, by the Société Méca- 
nique Générale. 

The Clerget engine under development by the Government 
engine factory has a bore of 5.52 in. and a stroke of 6.30 in. 
It weighs 1320 lb and has a specific consumption of 0.396 lb 
per hp-hr. The cylinders are water-cooled, whereas the alu- 
minum-alloy cylinder heads are air-cooled. A feature of the 
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Coatalen engine is its common-rail injection system for each 
row of 6 cylinders. Fuel is maintained at a pressure of about 
10,000 lb per sq in. in the common rail. Mr. Coatalen claims 
that he obtains very smooth combustion owing to the high 
injection pressure used, which is available as soon as the 
injection valve opens, hence the atomization is very fine from 
the beginning, and this condition cuts down the ignition lag. 
According to Mr. Matinot-Lagarde, Inspector-General of the 
French Air Service, first tests with the new common-rail 
injection system showed a decrease in the peak pressure of 
the order of 300 lb per sq in., without loss of power. The 
weak point of the common-rail injection system is that great 
care must be taken to ensure positive closing of the injection 
valves, for leakage of fuel into the cylinders between injection 
periods might result in excessive pressures. 

The CLM aircraft engine is a 6-cyl double-piston engine 
which delivers its 450 hp at 1900 rpm. It weighs 1100 lb and 
has a specific consumption of 0.373 lb per hp-hr. 

Clerget, who has had a diesel aircraft engine under devel- 
opment for several years, recently has been endeavoring to 
make it smoother in operation and more efficient by modify- 
ing the injection system. He uses a double injection system, 
that is, two pumps rigidly coupled together. By means of 
one of these pumps he injects a small quantity of fuel of high 
cetane number, which reduces the ignition lag; whereas, with 
the other, he injects a fuel containing an admixture of alcohol 
which, on account of its high heat of vaporization, keeps 
down the maximum pressure attained in the engine. A small 
series of Clerget engines has been completed and is being 
flight-tested. In these, a double injection of gas oil is em- 
ployed. The engine at present functions without a super- 
charger, but it is planned to fit it with one. 





Incorrect Formula Given for 
Rubber Torsion Spring 


At the top of Fig. 12 of F. L. Haushalter’s paper, “Rubber 
as a Load-Carrying Material,” published on page 20 of the 
Transactions Section of the January, 1939, SAE Journal, the 
wrong formula was given for the distance ac on the diagram 
for a rubber torsion spring. The correct formula is: ac = 





V (ry sin 6)? — (rz cos @ — 1)? 














Coordinating Aircraft-Engine 


Design and 


Production 


By A. H. Leak 


Wright Aeronautical Corp. 


T is necessary to develop designs that can be 

manufactured readily to keep down costs. This 
policy benefits the industry generally, and it is 
also necessary to meet domestic and foreign com- 
petition. 


Close attention to the following items is neces- 


sary to produce and maintain satisfactory pro- 
duction designs: 


1. Carefully developed design and test pro- 
grams are essential to develop advanced engines 
and details by orderly and logical processes. 


2. Standardized engineering and drafting prac- 
tices are a necessary part of any engineering or- 
ganization to maintain drawing consistency. 


3. Close cooperation between production and 
engineering departments, starting with the origi- 
nal design and manufacture of experimental 
parts, is particularly important. 


4. The utilization of developed units and parts 
on new models when practicable. The desirabil- 
ity of reducing the total quantity of different parts 
made is evident to facilitate manufacture and ser- 
vicing. 

». Consideration of suggested changes from all 
sources to simplify production and reduce costs. 


6. Adequate quality and finish control. Fin- 
ishes usually are controlled by samples, but the 
development of instruments to measure finish ac- 
curacy will assist materially in establishing a more 
precise control. 


N the development of aircraft engines, it is necessary to 
produce designs that can be manufactured readily to keep 
down costs. This policy benefits the industry generally, 
and it is also necessary to meet domestic and foreign com- 
petition. In the export field, countries with reduced material 
and labor costs are in an advantageous position, and it is 
particularly necessary for this Country to use production de- 


{This paper was presented at the National Aircraft Production Meeting of 
the Society, Los Angeles, Calif., Oct. 14, 1938.] 


February, 1939 


signs and advanced manufacturing methods, together with 
equivalent or superior performance, to maintain export sales. 

Designing for production should not, and does not, mean 
an inferior article. Satisfactory operation is the primary con- 
sideration, but there are usually various designs that will 
accomplish this purpose. Production designing should mean 
that, for a given price, a better article can be furnished or, 
alternatively, an equivalent article can be furnished at a 
reduced price, compared with an article designed without due 
consideration for manufacturing problems. 

In general the objective is to design and manufacture en- 
gines to operate for a satisfactory life period with the least 
possible trouble and cost to the operator but, of course, this 
objective is limited by the first cost of the article, knowledge 
of the art, and by such items as weight, and so on. If the life 
period aim is unduly high, the weight and first cost will be- 
come prohibitive, and also the design will become prematurely 
obsolete due to the continual advancement of engineering 
knowledge and practices. 

Close attention to the following items is necessary to pro- 
duce and maintain satisfactory production designs: 

1. Carefully developed design and test programs. 

2. Standardized engineering and drafting practices. 

3. Close cooperation between production and engineering 
departments, starting with the original design and manufac- 
ture of experimental parts. 

4. The utilization of developed units and parts on new 
models when practicable. 

5. Consideration of suggested changes from all sources to 
simplify production and reduce costs. 

6. Adequate quality and finish control. 

7. Selection and hardness of materials. 

Dealing with these items in sequence, it is proposed first to 
discuss, in a general way, design and test programs. 


Design and Test Programs 


Carefully thought out programs for developing advanced 
engines, and the details thereof, are essential to secure orderly 
and logical progress. Many engineering organizations appoint 
project engineers in charge of each particular model, and this 
method seems to work out very well. These engineers are 
responsible for design, experimental releases, production re- 
leases, production contacts, and so on, and every phase of 
activity affecting their model passes through their hands. Sup- 
plementing the Project Engineers’ efforts, however, we at 
Wright Aeronautical Corp., have a group of specialists who 
constantly are developing new ideas and improvements. 

Fig. 1 illustrates the general set-up whereby research and 
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dthe#'pertinent information is made available, but please note 
altOimifrovements to models are applied through the Project 
Bavinters. It is the Project Engineer’s responsibility to grapple 
WHH" troubles as they arise and find a correction either by 
difedt?&nalysis or by the application of improvements already 
denyonStrated by the specialized divisions. In general, this 
prdeeire emphasizes that design and development engineer- 
ing is a cooperative effort but, of course, it is all accomplished 
utidef the guiding control of the Chief Engineer. 

Phe preceding remarks and Fig. 1 apply to functions within 
thé BAgineering Department, but the parts played by Produc- 
tt8R?'Piispection, Sales, and Service are equally important to 
desigti'/and develop engines since the experience gained from 
eath' department directly affects engine design. 

WS$uPsestions to improve the products emanate from many 
sources’ within the manufacturing organization; from cus- 
tomers and operators who utilize these products; and also 
fffh Yendors who furnish material. In general, an harmoni- 
ous cooperative effort is essential in any organization success- 
fully to design, produce, and maintain sales. 


gansso Standardized Engineering and Drafting 

Mh admirable standardization work has been accom. 
plished by the military services and interested societies, but the 
atméunt of work yet to be accomplished is extensive, and 
revisions always will be necessary to meet the requirements of 
ddvaticed engineering and manufacturing methods. Standards 
for the aircraft industry are not yet stabilized to the extent 
prevalent in other industries, and there are still many to be 
established that would simplify and unify engineering prac- 
tite¥."The following may be mentioned as typical examples: 

1. Ball and Roller-Bearing Fillets - For commercial appli- 
cations wide fillet tolerances are employed by some manufac- 
turers. In aircraft engines, the amount of metal available for 
dbatiniént faces frequently is limited, and reduced tolerances 
aré°'deSirable. Of course, manufacturers can establish indi- 


vidwally the limits that they desire, but this condition causes 


ait urfhecessarily large stock of bearings-— possibly differing 
6itty Wi? the fillet requirements. If aircraft fillets become stand- 
ardizéd, special applications still will necessitate special bear- 
ifig? tit, nevertheless, a reduced number of bearings should 
résifit from fillet standardization. 

‘62°Pnvolute Splines —- The general trend seems to be towards 
36deginvolute splines, and standardized sizes throughout the 
aircraft industry would be useful. 

big. Serew Threads— The U. S. standard form with sharp 
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corners is not very suitable for highly stressed parts and, for 
ground or rolled threads, a fillet is necessary. The writer 
believes that standards should be modified to specify a fillet 
without destroying interchangeability. It also is suggested that 
a neutral zone be standardized as established tolerances permit 
a line-to-line condition which is likely to cause tight nuts and 
seizures. 

It is appreciated that individual manufacturers can establish 
their own standards and procure material accordingly, but this 
policy means purchasing special taps, tools, and so on, whereas 
standards established by the industry gradually will make such 
tools available without additional cost. The application of 
new standards always will be slow, and advantageous results 
will not be evident for many years; interchangeability of parts 
must be considered and non-standard material will be manu 
factured for a long period after standards are established. 
However, as new designs are produced, there comes a time 
when interchangeability difficulties do not exist, and these are 
the opportune moments to introduce standardized practices. 
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Fig. 2-—Typical cotterpin drawing 


Reterring to drafting office practices, the necessity for stand- 
ardization is obvious to maintain drawing consistency. In 
general, the trend is—and should be—to govern all possible 
manufacturing and inspection phases on the drawings, al 
though at present there are rather definite limitations to this 
procedure. 

As an example, let us consider for a moment one of the 
simplest parts used — say, a cotterpin. We probably will all 
agree that it is desirable that a cotterpin should fit its hole 
snugly, and the next step is to make the drawing control the 
parts accordingly. 

Diameters already are controlled by standardized tolerances 
but, if we put these values on the drawings, procurement of 
material is difficult as manufacturers do not hold parts uni 
formly to the standardized dimensions; in fact, two manufac 
turers, recently checked, used different dimensions. In making 
a drawing of a cotterpin, it is therefore necessary to adopt one 
manufacturer’s figures or spread the drawing tolerances to 
cover several sources of supply. As we want the cotterpin to fit 
snugly, we probably select the closest tolerance pins that we 
can purchase and put these dimensions on the drawings. 
Fig. 2 illustrates a typical cotterpin drawing. 
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BEARING — ROLLER 
Fig. 3—Typical roller-bearing drawing made in 1927 


On this drawing there are still the following items not 
properly controlled: 

How straight must the cotterpin be? 

2. What are the limits on the untoleranced figures? The 
general drawing tolerance of -+o0.01 in. applies to finished 
surfaces, and it is questionable whether this tolerance can be 
applied correctly to a cotterpin made from drawn wire. In 
any case, -+0.01 in. is unnecessarily close for some of the 
dimensions. 


3. What is the maximum and minimum diameter of the 


head? 
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4. What maximum and minimum radius is requiredpwhere 
the shank joins the head? May it be a sharp corner? 

5- Shall the two halves of the pin overlap at the ends and, 
if so, what are the maximum and minimum dimensions? 

6. Shall all sharp edges be broken and, if so, what are;the 
maximum and minimum figures? May the break edge Re a 
chamfer or must it be an approximate radius? 

. May there be a gap at the split and, if so, what maxima 
and minimum gap is desired? 

After considering the preceding items, we probably shall 
continue for the present to make cotterpin drawings something 
like Fig. 2, and maybe that is all right, but please bear sin 
mind that this lack of drawing control applies also to:impor; 
tant parts and that the trend should be towards remedying 
this condition. In times of National emergency, drawings and 
operation sheets should control the product quite clos¢lyp and 
it should not be necessary to investigate and check how j¢hosely 
the parent company’s inspection department controlled; manu. 
facturing phases not expressed on the drawings. Grantinghat 
the inspection department’s judgment always will be|meges- 
sary, the writer submits that engineers could do much anre 
in specifying essential control on drawings. It must be remem, 
bered that, if the drawings do not control all phases preperly, 
the missing items must necessarily be left to the inspegt@r’s 
judgment; this judgment usually means the individuah judg; 
ment of the particular inspector who happens to be inspecting 

1 particular batch of parts and, of course, under these,<on} 
pit uniformity of opinion regarding acceptability ds,.diffi; 
cult to obtain. , 

Drawing office standards are an essential part of any,paigi; 
neering organization, and their utility depends upon careful 
coordination with all concerned. This statement may be 
extended to cover sample drawings, for example, if just one 
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Fig. 4-Sample drawing of current roller bearing now utilized for drafting-office guidance 
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drawing of any type part is analyzed thoroughly and ar- 
ranged to control properly all necessary functions, this sample 
drawing may be used by the drafting office as a guide for 
making drawings of all equivalent parts. 

Fig. 3 illustrates a typical roller-bearing drawing made in 
1927. You will note that there is no control of radial clear- 
ance or crowning operations, nor is a specification number 
quoted. 

Fig. 4 illustrates a sample drawing of a current bearing now 
utilized for drafting office guidance. You will note that the 
three missing items on Fig. 3 are now incorporated and that 
the variable data are tabulated under vendors’ names. It is 
not suggested that this latest sample drawing is necessarily 
complete or perfect in any way, but it serves to show the 
greater drawing control now exercised. It must be remem- 
bered that ball and roller bearings are designed and made by 
specialists. The manufacturer purchasing these parts is inter- 
ested in knowing certain characteristics that affect the appli- 
cation of bearings to his product, but he does not necessarily 
control all phases. 

Fig. 5 illustrates a knuckle-pin drawing made in 1927. You 
will note that desirable requirements for circularity, square- 
ness, and break edges are not specified nor closely controlled. 

Fig. 6 illustrates a sample drawing of a current knuckle pin 
now utilized for drafting-office guidance. You will note that 
the control is much more complete than that shown on Fig. 5. 
Dimensions that are not important have greater limits than 
the general tolerance of -+.01 in., but tolerances on important 
dimensions are not increased. Centers are provided for ma- 
chining purposes, and corners that may cause abrasion when 
driving in the pin are stoned off smooth. 
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Cooperation between Production and Engineering 


1. General - Not so many years ago designs were prepared 
without much production coordination. The designer, of 
course, usually had some knowledge of production machines, 
and he relied primarily on that knowledge. After designs were 
completed, they were detailed and released, and the produc- 
tion department had to make the best it could of them. Of 
course, changes were made sometimes to facilitate manufac- 
ture, but there was but little coordination prior to release, and 
any changes made were applied rather grudgingly. Today the 
trend is to have the production department approve all de- 
signs prior to detailing. After the details are completed, they 
are checked again by the production department for approval, 
changes are made as necessary, and then the drawings are 
finally released. 

The writer submits that the first articles made for experi- 
mental test should be manufactured under production-depart- 
ment control as opposed to the practice of making experi- 
mental parts in an engineering department shop reporting 
directly to the engineering department. Sometimes production 
rapidly follows the experimental article and the operation 
sheets, and experience gained from making the experimental 
parts is highly valuable to the production department when 
quantity manufacture is started. The production department’s 
objective is to produce the experimental parts to approximately 
production quality. This statement means that special polish- 
ing and hand operations will be avoided as much as possible 
except when it is intended to do likewise in quantity produc- 
tion. 


Experimental engines produced in an experimental shop 
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Fig. 5—Knuckle-pin drawing made in 1927 
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Fig. 6-—Sample drawing of current knuckle pin now utilized for drafting-office guidance 


have been known to operate satisfactorily in developmental 
testing but not so well when placed in production. This con- 
dition may be due to excessive care in making the experimental 
engines which it is not reasonable or practical to secure by 
production methods. This condition can be avoided if the 
experimental shop is controlled and directed by the produc- 
tion department. 

When the production department carefully examines and 
approves drawings of experimental parts, manufacturing 
problems are necessarily considered at that time. It must be 
remembered that desirable changes to facilitate manufacturing 
may be applied readily in the early stages of the development 
but, after long and expensive endurance-testing has been com- 
pleted, the application of changes is much more difficult. 
Sometimes it is necessary to prepare tools and start produc 
tion in accordance with the article tested and then repeat the 
endurance tests, make new tools, and apply the article that 
is easier to manutacture. Much of this difficulty is avoided 
by the production department examining, checking and ap 
proving drawings of experimental parts and also making the 
parts. 

2. Changes — Assuming that manutacturing problems are 
coordinated rather closely prior to release of the drawings, it 
is not unusual for an engine manufacturer to issue about 1400 
changes in design per year. These changes usually are initiated 
by the production department, engineering department, ven- 
dors, or customers. At first thought this may appear an 
excessive quantity, but it must be remembered that, in addi- 
tion to design changes, production methods constantly are 
advancing, and modern methods should be applied freely de- 
spite the drawing changes necessary. 

The writer rather believes that the quantity of changes 
issued is a yardstick of progress, but each change must be 
considered carefully and be worth while. 

All changes in design, of course, must circulate to all de 


partments concerned for approval to make sure that agree- 
ment is general. In many instances, changes affect costs, and 
a careful cost analysis is necessary. Decisions regarding the 
desirability of issuing certain changes are often quite difficult 
to establish and, in these instances, it appears that they should 
be discussed by a Design Change Committee composed of 
production department, engineering department, inspection 
department, and service division representatives. This com 
mittee usually can reach a decision on doubtful changes, and 
the more difficult ones are solved by calling in other depart- 
mental and management heads until a decision is reached. In 
general, this committee’s functions can be extended to cover 
quality, service problems, and suggestions from any source to 
improve the product or reduce costs. 

3. Design Coordination— While layouts are in progress, 
the production department’s advice is secured as necessary on 
manufacturing problems. Where there are several ways to 
achieve an objective (and all are satisfactory from an engineer- 
ing standpoint), the preferred design should be selected by 
the production department. When the layout is completed, 
this is approved by the engineers concerned and by the pro 
duction department. If disagreement exists, the layout is 
submitted to the Design Change Committee for discussion by 
all concerned but, in every case, the layout is approved finally 
by the chief engineer. It is usually found that a free discussion 
on a design results in compromises that are satisfactory to all 
concerned. In general, the objective is to make every possible 
change to facilitate manufacture that does not deteriorate the 
product. This policy sounds easy but, of course, the real dif- 
ficulty is to decide in each instance whether or not a desired 
change may be harmful. When time is not limited unduly, 
this decision can be reached from endurance tests, but fre 
quently time is of essential importance and sometimes the first 
article to be tested (and put into production) cannot incor 
porate the changes that will facilitate manufacture. With 
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Fig. 7— Development of crankcase design 


carefully developed engineering programs these cases are not 
frequent and, when they do occur, the more expensive design 
usually can be replaced eventually by a cheaper design after 
sufficient time has elapsed to conduct endurance tests. 

4. Design Examples—Let us assume that forged dural 
crankcases have been satisfactory for many years and that sec- 
tions are increased for greater horsepower and rpm on a 
given model. The experimental parts are, of course, endur- 
ance-tested, and failures may occur. In this particular case, 
maybe production requirements are so close that we must 
take every possible precaution to make the next design work 
satisfactorily. Fig. 7 (View 1) shows the usual dural con- 
struction with studs grouped rather closely to the diaphragm 
so that the metal is in tension from the stud to the bearing. 
Due to established basic engine dimensions, we cannot add 
more dural and a stronger material (on this particular model ) 
appears necessary, so steel is selected. In view of time limita- 
tions, we feel that it is necessary to play safe and maintain our 
known stud and diaphragm conditions so this works out as 
shown on View 2. It will be noted this construction leaves 
heavy steel sections at X so it is necessary to mill out between 
stud bosses to keep the weight reasonable. This is a case 
where the production department has to accept the burden 
of rather costly milling operations, but the next design step 
must be to eliminate them. It is obvious that the costly mill- 
ing operations. result from the diaphragm location and, if this 
location could be moved out, the crankcase can be turned all 
over, and a laboratory program is set up to find out whether 
the orthodox diaphragm location is really necessary or benefi- 
cial. It is found eventually from hydraulically loading the 
cylinders that the studs directly over the diaphragm are not 
the only studs that contribute work, and the studs all around 
the cylinder work, due primarily to the adjacent cylinders 
each side acting as stiffening beams. Tests on a smooth- 
turned crankcase also indicate that, by moving the diaphragm 
out, we not only facilitate production but the load distribution 
to all studs is more nearly equalized. Endurance tests are 
then completed and the smooth design (shown on View 3 of 
Fig. 7) supersedes in production the more costly design. This 
is an example of “delayed production applications”; yet, under 
existing conditions, no alternative was evident. 

View 1 of Fig. 8 illustrates a conventional master rod but, as 
engine outputs are increased, there comes a time when sec- 
tions and strength are inadequate. This condition may show 
up in rod failures or bearing troubles due to deflections. The 
hub sections are limited by the knuckle-pin locations, and a 
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general redesign is necessary. A laboratory program is the 
first step to reduce deflections by an economical weight dis- 
tribution, and it is found out that a uniform band of strength 
is desirable at each end of the rod and also that tight-fitting 
knuckle pins contribute materially to rod stiffness. It is quite 
difficult to secure a uniform band of strength with the con- 
ventional design, and manufacturing considerations also in- 
dicate that turning the I-beam 90 deg will reduce costs. View 
2 of Fig. 8 illustrates the result of these investigations; the 
bands at each end of the rod are fairly uniform; the knuckle 
pins are radially placed out slightly further to provide a hub 
of fairly uniform thickness; rapid changes in section are 
avoided which cause high local stresses; and, at the same time, 
a rod is provided that is easier to machine and has polishing 
advantages by the smoothness at its sections and its adaptability 
to the use of buffing or grinding wheels. . 

These examples are mentioned to illustrate conditions that 
occur when designing for production, and it is not meant to 
infer that View 2 of Fig. 8 is the only way to make connecting 
rods — there are usually several answers to design problems. 


Utilization of Developed Units 

The desirability of reducing the total quantity of different 
parts made is evident to facilitate manufacture and servicing. 
Engineers, however, usually have pronounced individual ideas 
regarding the design of parts, and we must be careful not to 
permit this condition to extend to the point that a part de- 
signed by another engineer is almost sufficient reason for us 
not to use it — at least without a few changes to put our stamp 
on it. Purely from an engineering standpoint, this condition 
is not particularly bad but, from a manufacturing and operat- 
ing standpoint, similar parts in different models facilitate pro- 
duction and service problems. 

From the writer’s limited knowledge of automotive prac- 
tice, it appears that the use of developed units on various 
models is quite extensive, and the aircraft industry has some- 
thing to learn from this procedure. 

The aircraft industry already employs this practice to some 
extent, and probably it will be extended as stabilization in- 
creases. For example, if an aircraft-engine power section is 
changed, the rear end of another model may be utilized after 
due consideration of its merits and suitability. 

Assuming that an existing rear end is used, the major prob- 
lem is to keep them interchangeable. As individual troubles 
crop up on different models, it is always easier and quicker 
for the engineering department to fix the trouble on the par- 
ticular model affected than to find a remedy that can be ap- 
plied to all models and retain rear-end interchangeability. 
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Fig. 8— Improvement in master-rod design 
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PINION GEARS 


CASEHARDENED 

ROCKWELL C ON CORE 32-40 
ROCKWELL C ON CASE 60 MIN. 

DEPTH OF FINISHED CASE .025 TO .035_ 

















NITRIDED 
BRINELL ON CORE 290 MIN. 32! MAX. 








Fig. 9—- Reduction 


geors 


There comes a ume when completely new designs are always 
necessary for various reasons but, in the interim, it appears 
desirable to keep the quantities of different parts to a mini 
mum. 

Suggested Changes 


In any engineering organization those employed in the 
different branches frequently have ideas and suggestions that 
may prove of real benefit to the company. These suggestions 
sometimes affect one department and sometimes all. If a 
member of the production department makes a suggestion 
affecting production only, the head of the production depart- 
ment usually can decide on its merits. Frequently, however, 
such suggestions may affect drawing, design, or servicing 
and, in these instances, the suggestions should come before a 
Design Change Committee (or equivalent) for consideration 
and decision. 

The writer believes that full consideration of all suggestions 
may be considered usual and general practice in most or- 
ganizations, and this phase is mentioned only to emphasize 
the desirability of such a procedure. 


Quality and Finish Contol 


It is believed that some mention of quality and finish control 
will be in order as this is one of the most difficult phases to 
coordinate and control. 

Quality control directly affects the engineering, manufac- 
turing, inspection and service departments, and it is also of 
vital concern to the company as a whole. To date a sample 
system has appeared to be the only applicable control as draw- 
ings could not adequately express degrees of finish except in 
general terms. These samples require tagging and approving 
by the previously mentioned departments through the Design 
Change Committee. Recently profilograph instruments have 
become available which will provide a much better means of 
establishing finishes and, after sufficient data have been ac- 
cumulated, it may be possible eventually to place these read- 
ings on drawings to control finishes. 

For the present it appears that a sample system must be 
maintained and extended to specify profilometer readings. 
Quality requirements change rather rapidly, and the expense 
of frequently changing drawings must be considered before 
applying readings to drawings. 


The very creditable development of an instrument for 
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measuring degrees of finish will be of great help and assis- 
tance; however, there are other phases of quality control that 
are important. Referring to gears as an example, although 
all gears in any company are machine-cut, uniform quality 
may exist and the degree of finish is not seriously questioned. 
Suppose, however, that an important heavily loaded gear re 
quires special treatment, and grinding equipment is procured 
to produce an excellent finish supplemented by a light buffing 
operation. This condition immediately lifts this particular 
gear to a higher finish level, and the general tendency is to 
expect immediately all gears manufactured by the company 
to be lifted to the same finish level, even old-style gears that 
were not designed to permit grinding. Uniformly highly 
finished gears, of course, are not undesirable but, when a cut 
gear has operated satisfactorily under given load conditions, 
it does not appear necessary to purchase new equipment to 
grind these gears, at least not until such a time as new equip- 
ment becomes necessary and until the productive costs are 
equivalent. For gearing it appears that two or three samples 
must be established to control quality as follows: 
Machine cut, hardened, and lightly lapped. 
2. Machine cut, hardened, ground, and lightly lapped. 


3. Machine cut, hardened, ground, lightly lapped, and 
buffed. 
These samples, with profilometer readings attached, will 


provide a range of finishes to be applied as necessary to suit 
loading and operating conditions. In general it appears that, 
as new designs are released, the manufacturing department is 
entitled to know just what degree of finish is required rather 
than to make batches of material which may subsequently be 
rejected. 

Selection and Hardness of Materials 


The weight of aircraft engines must be kept as low as pos- 
sible and, for that reason, minimum weight and satisfactory 
operation usually control the selection of materials for major 
structural parts. It does not necessarily follow that the most 
expensive materials always are selected as sometimes a cheaper 
material of about equivalent physical properties can be utilized. 
Crankshaft forgings have been made of steel in accordance 
with SAE Specification No. 4340, and also from Specification 
No. 4140. By using the last-mentioned material, a cost re- 
duction of about $4 per forging was effected, and this condi 
tion applies also to steel crankcase forgings. 
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Hardness also directly affects cutting speeds and costs. The 
crankcase shown in View 2 of Fig. 7 was hardened originally 
to Brinell 290-321, and the crankcase shown in View 3 is now 
hardened to Brinell 241-285. In this instance it appeared that 
diaphragm stiffness controlled the situation, and that the 
crankcase would have ample structural strength with the re 
duced hardness. The net effect of design and hardness changes 
on the steel crankcase reduced the weight about 15 |b and the 
cost about $250. 

In many instances the selection of materials is controlled by 
manufacturing operations and processes. The reduction gear 
shown on Fig. g illustrates a typical case. 

The large internal gear teeth cannot be ground and, for 
this reason, Nitralloy is used, as distortion during hardening 
is thereby reduced compared with a carburized gear. The 
planetary gears are carburized as it is undesirable to run two 
Nitralloy gears together under impact load conditions. The 
sun gear is nitrided again because the teeth could not be 
ground with available equipment. With Nitralloy gears, it is 
desirable to grind or lap off 0.001 to 0.003 in. to remove the 
brittle surface, but the removal of additional material is un- 
desirable as the hardness rapidly decreases with depth. With 
carburized gears, more metal may be removed as the hardness 
changes less rapidly with depth, and this condition is some- 
times advantageous when establishing manufacturing proc- 
esses. Referring to Fig. 9, attention is called to the over- 
lapping gears as this construction removes loading from the 
edges of the Nitralloy teeth and thereby avoids crumbling 
and breaking down of the corners, to which Nitralloy is rather 
susceptible. 

Regarding the utilization of commercial products, difficul- 
ties sometimes arise. Taking bronze bushings (of the porous 
type) as a typical example, these bushings are compressed 
from powder to the correct shape in dies — usually without 
machining — and fairly wide concentricity tolerances are there 
fore necessary. Although these tolerances are satisfactory in 
many applications, frequently aircraft-engine applications re- 
quire closer tolerances to maintain close alignment. When 
engine troubles occur during production testing, it is necessary 
to run penalty tests, costing about $125 each, and it is often 
considered preferable and economical to procure such bushings 
to rigid tolerance specifications, at additional cost, and thereby 
effect an overall engine cost reduction. 

Regarding the utilization of commercial screws and such 
like parts, difficulties frequently are experienced as this mate- 
rial is not chamfered and burred in a way that is necessary 
for aircraft-engine internal use. This condition is important 
as small particles of metal can cause a lot of trouble and ex- 
pense by scratched bearing surfaces and, if high and low- 
quality screws of identical shape are procured, they may be- 
come mixed and assembled incorrectly by manufacturers and 
operators. With reference to cost, one single order for screws 
recently was brought to the author’s attention where the price 
difference was nearly $2000 between commercial screws and 
screws made in accordance with the drawing. The application 
of this screw was investigated and it was found to be used 
externally where slight burrs, and so on, were not harmful. 
Considering that the “commercial” and “aircraft” screws were 
of equal strength and that burring, chamfering, and _pitch- 
diameter tolerances were the only differences, it did not appear 
that the extra expense of the “aircraft” screws was justified. 
To meet this condition, it was arranged that in future “but 
ton-head” screws should all be of commercial quality and they 
should be used externally only. High-quality fillister-head 
screws would be used internally, and the visual difference, 
together with drilling for cotters or lockwire, should provide 
adequate identification for controlling correct assembly. 


In conclusion, it is believed that increased production design 
care will afford adequate returns tor the efforts expended. 


Why Not 125 BMEP in an L-Head 
Truck Engine? 
(Voorhies’ Discussion concluded from page 76) 


timing the shorter manitold will provide higher compression pressures 
at the lower speeds, and the longer manifold will provide higher com- 
pression pressures at higher speed. This condition means that cylinders 
having a short manifold are likely to produce detonation in the lowe: 
speed range, and cylinders with a longer manifold are more likely to 
produce detonation in the higher speed range. 

Therefore, the maximum compression ratio which can be used for a 
given set of other conditions must necessarily be lower than it could be 
if the compression curves are more balanced. It would seem that the 
intake valve for the shorter manifold should close closer to bottom-center 
to produce the same results obtained by the longer manifold when the 
intake valve closes at a point farther past bottom-center. 

On the subject of 45 vs. 30-deg seats, I should like to point out one 
more factor to be considered in comparing the angles of the seat. Con 
sidering the valve in the guide shown in Fig A, it is obvious that, as 
soon as the valve is lifted off of the seat, it cocks in the guide as far 
as the clearance of the valve stem in the guide will permit. In other 
words, the valve rotates about the middle point of the bearing length. 
When the valve comes down in this cocked position, it can strike the 
seat at a point materially above where it rests on the seat. 

We have found that the amount of ramp to take care of this con 
dition is determined by the formula: 


Ramp = (1/24 + B) tana+ C & clearance of 
A 


valve stem in the guide. 4 is the total length of the guide bearing, 
B is the overhanging of the valve head above the bearing, and C is the 
radius of the valve head. 





Since the length of the ramp affects the performance of the engin 
and valve life, it would be well to consider the results with the prope: 
amount of ramp for the individual angle, rather than a common ramj 
for both. 

In connection with spring pressures, Mr. Baster referred to such limita 
tions as the ability of the tappet to carry the load. We have found that, 
by various coating methods, the ability of the tappet to carry a load can 
be increased greatly. Some tests were run in which the spring load was 
increased 50% and, where the standard chilled-iron face failed almost 
100%, the coated faces operated without failure. 

Mr. Baster is quite right in saying that we did not anticipate all of 
the possible advantages of hydraulic lifters at the time we began this 
development. Also, in his enumeration of the advantages, he has left 
out some which we have learned through working with various users 
that might be pointed out. 

Referring to Fig. A the ramp required for adjustable tappets is greater 
than the ramp required for hydraulic lifters by the extent of the clearanc« 
used in the adjustable tappets. This requirement is so great as to be 
seldom provided in engine design where adjustable tappets are used and, 
for this reason, the valves contact the seat usually at much higher 
velocity than is provided for by the ramp. This condition means that, 
under hot conditions, the valve is subjected to a forging operation which 
does not exist with hydraulic lifters as a sufficient ramp can be provided 
for setting the valve down at the desired velocity without the use of 
excessively long ramps. 

Also, the engine is maintained at maximum performance so far a 
the valve gear is concerned by the use of hydraulic lifters whereas, with 
adjustable tappets, an improvement in engine performance usually can 
be made by an accurate adjustment, even though the engine has been 
operated for very little mileage. 

We should like to point out that we have found as much as 44-deg 
crank change in the cracking point of the exhaust valve in engines 
where adjustable tappets are used whereas, with hydraulic lifters, the 
established point of opening is maintained, and the point of exhaust 
opening can be chosen without compromising to take care of tempera 
ture variations, and undoubtedly the leakage of the valve throughout 
the 70 deg shown on Mr. Baster’s polar diagram must result in some 
loss of power as the leakage is starting 115 deg before bottom-cente: 
whereas, with hydraulic lifters, no leakage occurs until the desired point 
is reached. Also, the pressure at the cracking point with adjustable 
tappets is nearly three times the pressure at the cracking point with 
hydraulic lifters. 

Hydraulic lifters permit the use of any valve material without con- 
sideration being given to the coefficient of expansion. 

There are other advantages in the use of hydraulic lifters, but I have 
mentioned only those which I considered in keeping with Mr. Baster’s 
subject. I believe that, when L-Head truck engines are built which pro 
duce 125 lb per sq in. bmep, hydraulic lifters will be one of the impor 
tant contributing factors 
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The Development of Foamed-Latex 


Cushioning 


By E. E. Ellies 


Goodyear Tire & Rubber Co. 


RESENT comfort requirements and design 

trends, Mr. Ellies contends, have created new 
demands in passenger-car seating. He points out 
that the natural qualities of foamed-latex cushion- 
ing augur its consideration in meeting these seat- 
ing problems. 


Mr. Ellies’ discussion includes a review of the 
various applications of this material in the trans- 
portation industry. He also describes the proper- 
ties of foamed latex. 


\ S the objective of passenger-car development has pro- 


gressed to place more and more emphasis on the com- 
fort and safety of the passenger, it is inevitable that 
the seating problem should receive proportionate attention. 
The streamlining and lowering of car bodies, the improve 
ment in suspension systems, the increase in the normal driving 
range, the advent of air conditioning, and even the worthy 
crusade for greater safety—all place new demands on the 
seating units. The development of foamed-latex cushioning 
has created an entirely new approach toward the solution of 
such seating problems. 


History of Transportation Applications 

Though there was some previous use of this material in 
foreign countries, the development first assumed limited pro 
duction proportions in this Country in 1935. The application 
started in public-service equipment for several logical reasons: 
The increased riding comfort was a definite improvement in 
service to passenger traffic. Also, the vehicle service life of 
‘several hundred thousand miles made it possible to effect 
economies in the overall cost by a saving in maintenance 
charges. For the most part, applications were in the form of 
“full-volume” cushions, that is, a substitution of foamed latex 
for the previously used materials with the dimensions and 
shape remaining about the same. See Fig. 1. The cushions 
had molded corings on the bottom or back surface to remove 
weight and increase the deflection. The supporting base car 
ried vents opposite the corings in the cushion for additional 
damping. Installations in the bus and railroad fields include 
seats, backs, head-rests, arm-rests, and mattresses, practically 
all of which have been applied in relatively thick sections for 
maximum comfort. 

Truck and heavy equipment installations followed. These 





[This paper was presented at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 12, 1939.] 
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applications also, for the most part, constituted a full-volume 
replacement although, in some cases, a reduction in thickness 
was made. Where the reduction was a result of cost limita- 
tions, the remaining space was filled with a false base. In 
other cases, the space saved was used to advantage. 

Aircraft installations have included both seat-cushion and 
crash-pad units. The designs have varied considerably in 
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VENTED RIGID BASE MOLDED CORES 


Fig. |—In the "full-volume" cushion shown, foamed latex is 
substituted for the previously used materials, with the di- 
mensions and shape remaining about the same 


attempting to reach the balance between maximum cushion- 
ing and minimum weight that is vital in this type of 
construction. 

Ambulance-cot mattresses have been used in thicknesses 
varying from 2% to 4% in. 

The original attempts at passenger-car seating quite nat- 
urally followed the experience in other fields in the form of 
application. This full-volume type of replacement presented 
difficulties principally of an economic nature. 

In attacking this problem of cost, the cushion sections were 
reduced by contouring the supporting base to get a maximum 
cushioning at the points of greatest loading as shown in 


Fig. 2. Worth-while reductions were pessible without sacri- 
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VENTED RIGID BASE 


Fig. 2—The cushion sections are reduced in this design by 
contouring the supporting base to get a maximum cushion- 
ing at the points of greatest loading 
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Fig. 3—The combination cushion shown employs a secondary 
resilient member to provide additional deflection and to 
take the bulk of dynamic shocks 


ficing the riding qualities, and considerable savings in interior 
body space were made possible. 

However, the cost problem was still in evidence, partly due 
to the retooling necessary to produce the supporting base and 
the rather radical changes required in production assembly 
methods, 

In addition, the reduced sections in such a construction did 
not provide the degree of static deflection and, in some cases, 
the appearance that had been accepted as necessary to produce 
an initial impression of comfort and luxury. Conceding that 
any change in these standards must be a gradual one, and 
still confronted with the problem of cost, further experimenta- 
tion followed the theory of combining a thickness of foamed 
latex sufficient to conform to human contours with a sec 
ondary resilient supporting member to provide additional 
deflection and to take the bulk of the dynamic shocks. Numer- 
ous types of rubber and fabric, and rubber and metal com- 
binations in the form of webbing or diaphragms, as well as 
many steel spring designs, have been tried as supporting mem- 
bers for foamed-latex cushions. 

The section in Fig. 3 shows the general proportion of this 
type of construction. Where the supporting unit has an open 
surface, such as that of a coil spring, a covering or insulator 
is generally used to provide more uniform support for the 
foamed-latex cushion. It is desirable that this insulator be 
sufficiently open to allow movement of air as the surface 
cushion is flexed. 

If a diaphragm or fabric support is used, the insulator is 
eliminated and the balance of the space is filled with the 
skeleton supporting frame. 

In all types of installations, the base coring of the foamed 

1See “Properties of Cellular Rubber for Passenger-Car Cushioning,” by 


H. E. Elden, presented at the Semi-Annual Meeting of the Society, White 
Sulphur Springs, West Vae., June 20, 1935. 
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Fig. 4—The vibration damping comparison indicates a su- 
periority of foamed latex over a steel spring 


latex may be varied or eliminated to give additional support 
at localized points. 

Present passenger-car installations are of two general types. 
The last-mentioned combination type is used in regular seats, 
and the reduced-thickness all-foamed-latex cushions are used 
where space restrictions are severe. 

In this discussion, reference to detail dimensions or design 
of both the foamed-latex cushion and the seat in general js 
avoided intentionally because of the wide variance in indi- 
vidual requirements. 

Actual service results in many fields indicate continued and 
increased usage of this material. No prediction on the future 
design trend is made, but it is toward a better understanding 
in future development that the properties and possibilities of 
the material are discussed. 


Cushioning Qualities 
Of first consideration in seating are the actual cushioning 
qualities of the resilient units. With the reduction in car-body 


accelerations resulting from improved chassis suspensions, 
probably the most important factor in comfortable travel is 
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Fig. 5—Foamed latex is cured by filling the cells with hot 
water as shown 


the ability of the cushion to conform to the contours of the 
human body and eliminate excessive unit pressures. 

Foamed latex has the ability to take relatively large local 
deflections, and has the permanent resiliency common to all 
high-grade rubber products. 

The use of foamed latex not only tends to reduce the spread 
between minimum and maximum unit pressures on the body 
but also between the average unit pressure. This reduction 1s 
possible for several reasons: 

The material has a permanent molded shape and structure. 
The surface is resilient and distributes the load uniformly 
over the entire contact area. The original molded softness can 
be retained better after trimming because preloading at assem 
bly to offset packing-down in service is not necessary. This 
latter quality allows for an actual increase in contact area. 

Proof of these statements may be found in the following 
test results: 

A contoured form was depressed by a constant load into the 
surface of two cushions of approximately the same thickness 
and the area of contact measured. The contact surface of the 
foamed-latex cushion was approximately 25% greater than 
that of a production cushion in which foamed latex was not 
used. 

Tests to check the actual surface pressures on the same two 
types of cushion constructions have been reported previously 
by Elden?. A small rubber pressure bag containing electrical 
contacts was placed between the passenger and the cushion 
surface. Measurements were taken at three locations — at the 
point of maximum loading directly under the trunk of the 
body, at the middle of the thigh, and at the front edge of the 
seat. The results for a typical set of cushions showed that both 
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Fig. 6—The figure brings out the difficulty of obtaining a 


uniform cure of chemical-blown sponge 


the variation in pressure at the different locations and the 
average of the three points measured were reduced approxi 
mately 50% in the case of the foamed-latex cushion. 

Another important factor in cushioning is adequate damp 
ing to prevent resonance build-up under the varying condi 
tions of road surface and speed of car. The passage of air 
through the interconnected cells of foamed latex, combined 
with the natural hysteresis loss of rubber, provides exceptional 
damping qualities. The curves in Fig. 4 show a typical com 
parison in the damping action of foamed latex and steel. 

The comparison in both damping and conforming ability 
have been general since requirements in static deflection, cost, 
or appearance may dictate varying thicknesses of foamed latex 
and numerous combinations with other materials. 

The data provided on these two principal cushioning qual 
ities are intended to show that, regardless of the combination, 
the addition of foamed latex, if properly made, will improve 
the conforming and damping qualities of the cushion struc 
ture in total. The degree of result obtained naturally will 
depend on the thickness of foamed latex used, the type of 
supporting structure, and the trim application. 


Life 

The question of service life is always important when con 
sidering new material applications. In foamed latex, both the 
materials used and the method of processing are conducive to 
long life. 

Mechanical whipping of the liquid latex before cure pro 
duces a finely divided interconnected cell structure. The right 
half of the section in Fig. 5 shows the mold cavity completely 
filled with this structure before the curing or vulcanizing 
operation. In this operation, the mold is submerged in hot 
water and the liquid penetrates the vented cavity replacing 
the air in the cell structure as shown in the left-hand section 
of Fig. 5. By this method, the heat is transmitted by a good 
conductor throughout the section, resulting in a uniform cure 
regardless of thickness or shape of the piece. 

In contrast, is the curing operation of chemical-blown 
sponge as shown in Fig. 6. The uncured slab of solid stock 
shown in the right-hand view has been milled with softeners 
until very plastic so that resistance to expansion is reduced to 
a minimum. Chemical agents, also added, form a gas at 
vulcanization temperatures and expand the stock until the 
mold cavity is filled. As the blowing action progresses, it is 
increasingly difficult to transmit heat from the platen surfaces 
to the center of the stock, since both the rubber and the con 
fined gas are relatively poor heat conductors. A uniform cure 
which is very important to the permanent resiliency of rubber 
is difficult to obtain for this reason. The cells of the final 
structure, as shown in the left-hand section of Fig. 6, are not 
connected and a skin is formed next to the mold surface. 
Ventilation through the structure is not possible. 
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Accelerated flex testers, as pictured in Fig. 7, have been used 
to check the flex life of numerous passenger-car cushion con 
structions in conjunction with actual test fleet service. The 
results of both types of test, as well as actual service history 
on other types of equipment, indicate a life in excess of 
normal car life with uniform performance throughout the 
period. 

The density or load-carrying capacity of foamed latex is 
varied primarily by the quantity of air combined with the 
latex. A wide range of hardness is possible, with the only 
limitation being the lightness of foam that will be stable in 
production. 

Additional flexibility is possible in the molding operation by 
changing the size, shape, or spacing of the base coring. By 
this means, different degrees of support may be obtained in 
portions of the same cushion. 

Practically any requirement in cushioning can be obtained 
by these two methods, and sufficient process control is possible 
to provide uniform production results. 


Air Conditioning 


Like many modern structures, foamed latex is air-condi 


tioned. The problem of heat generally is implied when rub- 
ber is associated closely with the human anatomy. This 
condition has been true to a large extent as most rubber 
products are impervious to air and, since rubber is not a rapid 
conductor, the body heat and moisture are retained at the 
areas of contact. 

It has been shown previously by Elden! that the actual 
flexure of the material under operating conditions does not 
generate heat sufficient to increase the cushion temperature. 
The problem then is one of removing body heat from the 
contact area by ventilation. 

The manufacturing process of foamed latex provides a 
completely porous mass. After vulcanization, the material is 
saturated thoroughly with the curing medium, and drying is 
accomplished by centrifugal action followed by the circulation 
of hot air around and through the cushion. The results ob- 
tained from these operations would be impossible without 
complete interconnection of cells to and through the surface 
of the structure. Each flexure of foamed latex produces a 
forced circulation of air which equalizes temperature and 
evaporates body moisture. 

Tests have been made to check the rate of teperature change 
in different cushion materials. Temperatures were recorded 
by means of a thermocouple placed directly underneath the 
trim fabric. The trim fabric was identical on all cushions. 
Test results are shown graphically in Fig. 8. Three cushions 
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Fig. 7—Tests on the accelerated flex tester shown indicate 
uniform performance of foamed-latex cushioning for a period 
in excess of normal car life 
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were heated for a sufficient period to bring them all to a 
uniform temperature of 135 F. This temperature was selected 
as a possible one for the inside of a closed car under certain 
summer conditions. The cushions were removed individually 
and allowed to cool to a constant temperature of 106 F. The 
time in minutes required for this change in the three mate- 
rials is shown in the left-hand graph of Fig. 8. At the tem- 
perature of 106 F, a passenger was seated on the cushion, 
remaining still for 8 min, and then flexing the cushion for 
2 min. The resultant temperatures at the cushion surface are 
shown in the right-hand graph of Fig. 8. Such results are 
proof of the change of air in the foamed-latex structure. 

Further indication of the ventilating properties of this mate- 
rial is the use in the surgical field for dressings and cast 
padding to eliminate irritation and blistering of skin areas 
which are covered for long periods. 

Careful selection of compounding materials and repeated 
washing of the vulcanized product are protective steps to 
prevent contamination of the essentially odorless latex. Utili- 
zation of the product for domestic and institutional mat- 
tresses is proof of the results obtained. Foamed latex is also 
free from lint and dust. Persons allergic to this type of matter 
obtain definite relief by the use of this material. 


Space Saving 

The inherent properties of foamed latex promote e‘hcient 
cushioning per unit of thickness. It already has been used to 
some extent in jump or opera-type seats, and many other 
varied applications where dimensional restrictions are severe. 
To get additional rear-seat headroom in streamlined bodies, 
clearance beneath front seats to facilitate heating or air con 
ditioning in the rear compartment, and greater fore-and-aft 
interior dimensions for a given wheelbase are typical prob 
lems resulting from the current trend in design. Solution of 
such problems with the retention or minimum loss of cushion- 
ing comfort requires a material that will conform readily to 
the load shape and has a high energy-absorbing capacity. 
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Fig. 8— Of the three cushion materials tested, foamed latex 
cooled the fastest and maintained the lowest operating 
temperature 


Fig. 9 shows a typical body with the outline of possible seat 
sections added. The rear seat is moved forward the amount 
saved by reduction of the front-seat back, and lowered by 
reducing the rear-cushion thickness. The rear passenger is in 
a better location with respect to the rear axle for riding com- 
fort; further streamlining is possible without reduction in 
headroom; and more luggage space is available in the rear 


2 See “‘“How Long on the Highway?” a survey published by the National 
Safety Council, Inc. 


compartment. By leaving the back line of the rear seat in the 
original position, several inches of additional fore-and-ait space 
may be obtained in the rear-seat compartment. Space is avail- 
able under the front seat for a heater or storage compartments 
and, by replacement of the solid toe panel, air may be passed 
in to the rear compartment for heating. The re-allocation of 
space for greater utility or an actual reduction in overall body 
dimensions is worthy of consideration in the engineering 
cost analysis. 
Safety Features 

Upon first consideration, safety may appear to be a remote 

topic in a discussion of cushioning material. However, the 
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Fig. 9—The possible space savings using foamed-latex cush- 
ioning are indicated by comparing the heavy and the 
dotted lines 


great increase in driving range in recent years has lent impor- 
tance to the fatigue factor in accidents. Verification of this 
statement is found in the first two general recommendations 
made by the National Safety Council after a survey on the 
effect of fatigue in traffic accidents:* 

“The element of fatigue should be given a more important 
place on accident report forms used by fleet owners, insurance 
companies, states, and cities. 

“There is urgent need for scientific research to determine 
what effect continuous driving, long hours without sleep, and 
various mechanical aspects of vehicles have on fatigue and to 
ascertain the recuperative value of various rest periods.” 

The reduction in fatigue by the use of foamed latex be 
comes increasingly important after the first two or three hours 
of driving. This fact is attested to almost universally by test 
car and long-distance drivers. _ 

In near accidents of certain types, the shock-absorbing qual 
ities and stability of the cushions are a definite aid in main 
taining control. In actual accidents, the resilient surface and 
gradual bottoming of foamed latex, not only in cushions but 
also in back rolls and structural padding, make it a worth 
while complement to the general theme of safety in present 
body designs. 

There are numerous other properties of foamed latex that 
may affect its engineering value in specific installations. A 
form which provides ease in general plant handling and 
makes possible a reduction in assembly operations, a construc- 
tion which permits molding to meet varied shape require- 
ments, and soundproofing, are just a few of these properties. 

The general subject of riding comfort and seat design in- 
cludes many complex problems that are beyond the limits of 
this discussion. 

The purpose of this paper has been to review a relatively 


new material having qualities that naturally relate it to this 
problem. 
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The BMEP Parameter for Airplane 


Cruisin g-Power Control 


By R. E. Johnson and W. G. Lundquist 


Wright Aeronautical. Corp. 


IBRATION characteristics and considerations 

of simplicity, rather than those of operating 
efficiency, have dictated present methods of air- 
craft operation, the authors contend. The bmep 
parameter proposed in their paper, they explain, 
is based upon cruising operation at or near maxi- 
mum efficiency of the engine-airplane- propeller 
combination. They stress the importance of cruis- 
ing-flight control by pointing out that cruising 
flight embodies 95 to 99‘ 
flying. 


of all ET, 


The authors show how the parameter is related 
fundamentally to the operating efficiency of the 
engine as defined by fuel consumption and, there- 
fore, to the overall efficiency of the airplane-en- 
gine-propeller combination. The parameter is dis- 
cussed further as related to the engine alone; as 
tempered by considerations of airplane and pro- 
peller efficiency; as applied to the physical prob- 
lem of controlling cruising power; and as limited 
by engine and airplane design. 


URING the past few years much improvement has 

been realized in airplane operating efficiency through 

detailed study of specific types of operation and the 
analysis of the problems involved by each of these types. The 
subject of cruising-power control has been found to bear a 
definite relationship with general airplane operating efficiency, 
and is especially important when the economics of airplane 
operation is considered. The investigations into this subject 
have shown quite conclusively that the airplane operating cost 
is related closely to the average trip horsepower used with a 
given airplane-engine combination, and that uniformity of 
Operation is equally important to the engine overhaul costs 
and to life of the airplane engine. 

In order to understand the problems of cruising-power con 
trol, it is in order to define cruising flight and to summarize 
the fundamental requirements of such flight. 

The purpose of cruising flight is to transport a given amount 
of payload a specified distance in a specified elapsed time with 
the expenditure of the minimum amount of fuel. Successful 
cruising operation consists of a practical compromise between 
these variables. In definition of such flight, the entire trip is 
included, with the exception of the time required for the final 





{This paper was presented at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 9, 1939.] 
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approach to a station, the landing, and taxi to the station. 
Thus cruising flight embodies about 95 to 99% of all com 
mercial flying, depending upon the length of the trip. The 
three main periods of cruising flight include the cruising 
climb, the period of cruising level, and the cruising descent of 
every trip. During such flight it is essential that some means 
of variation of airplane speed (cruising power) be available 
either to maintain schedule for relatively short-range flights, 
or to operate at maximum miles per gallon of fuel for long 
range flights. 

Realizing the importance of some means of cruising-power 
control, it is essential to consider briefly the three basic types 
of control available, and to point out the relative merits of 
each. First, we have the type of control which is based on 
the use of a fixed-pitch propeller where the propeller setting 
and the tachometer become the governing factors of engine 
operation. During level flight the engine rpm has to be higher 
than desirable in “order to safeguard engine operation during 
a climb. With this control, variation in power necessary to 
maintain schedules is accomplished by changes of both rpm 
and manifold pressure along what is called the propeller load 
curve. 

The second type of cruising-power control in general use on 
the internal airlines of this country consists of holding sub 
stantially constant engine rpm and varying the manifold 
pressure (throttle) as may be necessary to secure the desired 
power or speed. The outstanding factor of this type of control 
is simplicity. Sacrifices of operating efficiency have been taken 
for the sake of this simplicity as will be discussed later. 

The third type of cruising-power control is the type of con 
trol which is based upon operation at or near maximum 
efficiency of the engine, airplane, and propeller combination 
during all parts of a flight. It assumes no physical limitations 
to the variation of rpm or power other than those governing 
safe engine ope ration and maximum operating efficiency. It 
is the purpose of this paper to develop a parameter for this 
third type of operation and to investigate its practical applica 
tion to the cruising-power control of the airplane of today and 
the airplane of the future. 

Before such a parameter can be developed, it is necessary to 
define clearly the engine operating limits and certain other 
fundamental engine characteristics which directly influence the 
problem. 

It has been found necessary for the engine manufacturer to 
establish definite limits of engine operation with a view toward 
keeping engine life and engine operating costs consistent with 
economical operation. These limits always include the three 
factors following: 

1. Maximum cruising power of a given engine. 

2. Maximum cruising rpm. 

3. Maximum cruising manifold pressure. 
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TYPICAL FUEL CONSUMPTION CURVE SHOWING POINTS 
OF BEST POWER" AND “BEST ECONOMY.” FIXED 
THROTTLE AND FIXED PITCH PROPELLER 
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The first factor, cruising power, is an index of the rate of 
heat flow through the engine, and hence affects the perform 
ance of such parts of the engine as are influenced directly by 
temperature conditions, that is, pistons, piston rings, valves, 
spark plugs, and so on. 

Cruising rpm, in conjunction with the power output, in- 
fluences the general rate of wear of moving parts of the engine 
and has an additional independent effect on the loading and 
wear of parts of the engine which are subject to inertia loads, 
since such inertia loads vary as the square of the rpm. 

Manifold pressure bears a close relation to the bmep of an 
engine and is a good index of the loading of engine parts. In 
any particular engine, bmep bears a fairly definite relation to 
peak pressures and hence influences detonation and other 
combustion phenomena. 


The three limits just mentioned are therefore empirically 


fixed by the engine manufacturer, taking into consideration, 


their relative influence on the probable life of the engine. 

Having discussed the three general types of cruising-power 
control and the general limits of engine operation, one of the 
other fundamental engine characteristics which we must con- 
sider is the relationship between the minimum usable fuel 
consumption and power output throughout the entire cruising 
power range. 

The specific fuel consumption of an engine is related to 
bhp and rpm in two ways. If we assume adequate cooling 
and no detonation, then there is, for every bhp and rpm, a 
certain minimum $specific consumption which an engine can 
produce. This minimum, designated as “best-economy” mix 
ture is determined by the component efficiencies of each par 
ticular engine and is therefore a function of volumetric efh 
ciency, mechanical efficiency, supercharger efficiency, distri 
bution, carburetion, spark timing, compression ratio, cooling, 
scavenging, and so on. Our assumption of adequate cooling 
and no detonation, however, is usually valid only over a lim- 
ited range of power, beyond which the engine cannot be oper 
ated safely without resorting to some additional enrichment 


of the mixture to suppress detonation. This condition gives 
us two general divisions of cruising power based on engine 
consideration. These two divisions would tentatively, for cur 
rent engines, be as follows: 

Range of minimum specific consumption 30 to 60% of rated power, 


Range of part-lean consumption only 60 to 75% of rated power, 
Above 75% of rated power, all operation would be full-rich. 


For further clarification of these important factors, reter to 
Fig. 1 which indicates “best economy” (Point 4) and “best 
power” (Point B). It should be emphasized herewith, “best- 
economy’ mixture represents a definite engine limit and can 
not be altered except by modifications in engine design or 
changes in either rpm or bhp. “Best power” is also a definite 
point, but is not necessarily an operating limit. Fig. 1 also 
shows the typical variation of horsepower, engine rpm and 
manifold pressure of a given engine with changes of mixture 
setting. It assumes tiie design of the engine being considered, 
and that the octane value of the fuel used will permit safe 
operation without detonation throughout the range of mixture 
control travel within ceitsin specified operating limits. 

Having pointed out that “best-economy” mixture is a physi 
cal limit to engine operation which varies with rpm and bhp, 
it is important to the development of the parameter discussed 
in this paper to show how this limit is related to the three 
methods of cruising-power control which have been discussed. 

Fig. 2 shows the variations of “best economy” in a given 
engine when operating (Curve 4° at constant rpm; (Curve 
B) when operating on propeller load; and (Curve C) when 
operating at constant bmep (brake mean effective pressure). 
These data have been obtained by test on an actual engine and 
are typically representative of all supercharged four-cycle gaso- 
line engines which have the ability to operate safely without 
detonation at “best economy.” The quantitative values given 
will change from one engine design to another, but the funda- 
mental relationship indicated will remain true for all engines 
of the type being considered. 

The importance of investigating Curve-C operation is ap 
parent immediately from an inspection of Fig. 2, and the im 
portance of application of this type of operation to cruising 
power control from the standpoint of the engine alone is very 
obvious. It is obvious also that, the lower the cruising power 


required for operation with a given engine, the greater the 


gain possible by the use of this type of operation. It will be 
noticed further that, in the range of power of 60 to 70%, the 
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choice of a method of operation is relatively unimportant. If, 
however, it is possible to operate the airplane in the lower 
range of cruising power, a reduction of specific fuel consump- 
tion of approximately 20% can be realized by operating per 
Curve C instead of Curve A based on engine efficiency alone. 

The wide variation in specific fuel consumption limits in- 
dicated by Fig. 2 is caused by a definite physical characteristic 
of the engine. Reference to Fig. 3 will give us a clue to the 
explanation. 

We note from Fig. 3 that, aside from the variation in specific 
consumption, the three types of cruising operation are per- 
formed at widely divergent rpm’s. If we now refer to Fig. 4, 
we note that the specific fuel consumption at constant horse- 
power decreases as the rpm is decreased. This variation is 
caused by variation in the total engine friction horsepower 
(so-called) with rpm. It is well known that the friction horse- 
power of an engine decreases with decreasing rpm. It fol 
lows, therefore, that the mechanical efficiency of the engine at 
constant bhp output, varies inversely with rpm. This varia 
tion in mechanical efficiency produces a variation in the ther 
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mal eficiency which is responsible for the variation in specific 
fuel consumption requirements. The relation between thermal 
efficiency and specific fuel consumption is indicated by the 
following equation: 
Brake Thermal Efficiency 

Btu equivalent of 1 hp-hr = 2546 

(Btu content of fuel) (Specific fuel consumption) 
which, for present available fuels, becomes approximately 

an ‘ies (0.1243) 
Brake Thermal Efficiency = ~~ 


where c = specific fuel consumption in lb per bhp-hr. 


From the foregoing discussion and reference to Fig. 4 it 
may be concluded that maximum operating efficiency, when 
considered from the standpoint of the engine alone, will occur 
at the maximum allowable bmep. Other related engine ef- 
ficiencies also are involved in this phenomena, notably super- 
charger efficiency, but the principal effect is introduced by the 
variation of the engine friction horsepower. 

It has been indicated that Type C operation calls for a 
definite relation between bhp and rpm. Such a relation is 
described most conveniently by a bmep parameter. It is in 
order here to define exactly what is meant by the term bmep. 
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From definition, bmep, or brake mean effective pressure, is 
the average pressure during the combustion cycle of any com 
bustion engine and may be represented in its most familiar 
form as 

PLAN 
Brake Horsepower = 35559 
Where P is bmep or brake mean effective pressure, lb per sq in. 
L is the stroke, ft. 
A is the area of the piston, sq in. 


J a. ; rpm 
N is the firing strokes per minute = - with a 4-cycle 
. , . 
engine. “ 


In this familiar equation LA/12 equals the engine displace- 
ment in cubic inches, and it is then possible to express bmep 
in terms of the engine design (displacement), and rpm for 
any brake horsepower as follows: 

792? 
Bmep - Te SS tiglnemaaal (cu in.) 
or, for a specific engine 
bmep = <x bp 
rpm 

So far we have studied the cruising problem entirely from 
the standpoint of engine considerations, and we have con 
cluded that, as far as the engine is concerned, maximum ef- 
ficiency will be obtained by operation at maximum permissible 
bmep. The economics of cruising operation, however, involves 
airplane and propeller efficiencies as well as engine efficiencies, 
so We must now attempt to correlate all of these efficiencies 
into one overall efficiency equation. 

Contemporary studies have described propeller and airplane 
efficiencies, and no further description of these factors is re- 
quired here. It is our purpose to analyze the overall efficiency 
equation and to correlate the known propeller and airplane 
efficiency factors with the engine efficiency parameter (bmep) 
which has just been discussed. 

The component efficiencies of an airplane can be tabulated 
as follows: 


Efficiency 


Indicated by Tndex 
1. Airplane Efficiency Lift over Drag L/D 
2. Propeller Efficiency Propulsive Efficiency n 
3. Engine Thermal Efficiency Specific Fuel Consumption (c) 1/c 
_ 9 L 
4. Overall Efficiency Product of 1, 2, and 3 D 
P 


If all these efficiencies were independent of each other, the 
problem would, of course, be simple; we could then operate 
at the peak of each efficiency curve. The efficiencies are not 


all independent, however. “x” is a function of bhp, rpm, 
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SIMPLIFIED FORM OF CONVENTIONAL PROPELLER EFFICIENCY 
CURVES APPLIED TO A GIVEN ENGINE PROPELLER COMBINATION 
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relative air density, air speed, and propeller design. “c” is a 
function of bhp, rpm, engine design, and fuel used. “L/D” 
is a function of gross weight, indicated air speed, and basic 
airplane design. We note, however, that for a given airplane, 
engine, propeller combination, 4 and ¢ are both functions of 
bhp and rpm, whereas L/D is not. This fact furnishes the 
basis for a simplifying division of the overall efficiency equa- 
tion into two components: 

a. Engine and propeller function = /c 

b. Airplane function = L/D 


These components must be evaluated and controlled sepa- 
rately to produce optimum performance. For maximum 
operating efficiency, both components should have the highest 
usable value. 

We might conclude from reference to the overall efficiency 
index that maximum overall efficiency would be obtained by 
operating at the maximum point of the curves which define 
the two respective efficiency components, but here we discover 
a peculiar situation. Operating at the maximum of the L/D 
curve will contribute to the attainment of maximum overall 
efficiency but, if we are able to operate at the maximum of the 
n/¢ curve, we can suspect that there is something wrong with 
our engine and propeller combination, and we will not attain 
the efficiency which we might attain if the engine and pro- 
peller combination were different. This apparent contradic- 
tion will be clarified as we proceed. 

The airplane efficiency curve is defined by the polar curve. 
This curve is familiar to all. From the polar curve we can 
calculate thrust horsepower vs. air speed for any gross weight. 

The propulsive efficiency of the propeller installation is de- 
fined by the propulsive-efficiency curves which take into ac- 
count the peculiarities of the individual installation. The 
authors have found that a curve of the form shown by Fig. 5 
is very useful. In this curve, plotting the lines of constant 
nC, (where C, = Power Coefficient) permits the calculation 
of 4 directly from the thrust horsepower curve without any 
approximations. 

The thermal efficiency of the engine is defined by the specific 
fuel consumption as mentioned previously. Refer to Fig. 4 for 
details. 

We now have sufficient data to evaluate the overall ef- 
ficiency equation. 

For any selected gross weight, altitude, and cruising air 
speed, there is a required thrust horsepower as defined by the 
polar curve of the airplane. The corresponding required bhp 


will depend upon the propulsive efficiency 4. Since % is a 
function of rpm, the bhp required will vary with rpm also, 
Typical curves of bhp vs. rpm are shown on Fig. 6. On this 
figure we can plot the limiting engine function lines which 
are: a. maximum permissible bmep and b. full throttle. On 
another curve we now can plot c, q and 4/c as shown on Fig, 
7. On these latter curves, we can plot the bmep and full- 
throttle lines of Fig. 6. 

Inspection of this Fig. 7 now will reveal several interesting 
things. First we note that the peak of the 4/c curve always 
will occur at a lower rpm than the peak of the 4 curve. 
Secondly, we note that, for maximum usable 4/c, the peak of 
the 7 curve should be at the rpm of the limiting engine func- 
tion, which is either maximum permissible bmep or full 
throttle. The combination of these two conclusions brings us 
to the paradox previously mentioned, namely, that for maxi- 
mum overall efficiency our engine and propeller combination 
should be such that the limiting engine function (bmep or 
F.T.) falls slightly off the peak of the 7/c curve, that is, at a 
higher rpm, and on the peak of the q curve. This point will 
give the highest usable 4/c value, although it will never be 
the peak of the 4/c curve. 

All this discussion brings us to the final conclusion that, 
for maximum overall efficiency of the engine and _ propeller 
combination, it is necessary that the efficiencies of this com- 
bination be coordinated so that the cruising propulsive efh 
ciency will be maximum at the rpm of limiting engine func 
tion (maximum bmep). Then in flight the engine should be 
operated constantly at this rpm limit. Thus it is apparent that 
the bmep parameter is desirable for the engine-propeller com 
bination as well as for the engine alone. The bmep parameter, 
therefore, can be used to control the n/c component of the 
overall efficiency equation, which enables us to develop a cruis 
ing flight technique. 

Having shown the relationship between the bmep parameter 
and the propeller and airplane parameters, we must pause to 
consider the objections which may be raised. The principal 
objection probably will be that it is not possible to arrange 
an engine and propeller combination having the related ef- 
ficiencies we have specified throughout the entire cruising 
range. This objection is valid. However, a good average 
coordination of efficiencies can be accomplished, and minor 
deviations from them can be accommodated as correction fac 
tors to be applied to the bmep parameter to obtain any desired 
amount of refinement in overall efficiency. The bmep par- 
ameter still gives us a “jumping-off” place for developing a 
cruising-control technique. 


TYPICAL BRAKE HORSEPOWER REQUIRED VS.RPM FOR VARIOUS 
GROSS WEIGHTS A,B AND C, FOR A SPECIFIC 
ENGINE, AIRPLANE, AND PROPELLER COMBINATION. 
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Before an operating technique can be set up, it is necessary 
to have some idea concerning the probable flight regime, and 
the range of power which may be required for any specific 
type of cruising flight. 

In general, there are two types of cruising flight. The first 
consists of long-range flight with maximum payload. The 
second consists of intermediate-range flight with an elapsed 
time limit. The long-range flight will be made at or near 
optimum air speed, whereas the intermediate-range flight 
usually will be made at an appreciably higher speed, requiring 
therefore higher power output. The long-range flight should 
be made at “best miles-per-gallon” performance, which means 
that the engine and propeller combination must have optimum 
related efficiencies at the optimum air speed. In the case of 
intermediate-range flight, we must be willing to sacrifice some 
overall efficiency for the sake of speed. 

As previously discussed (refer to discussion of Fig. 1) every 
engine has a range of power throughout which it can be 
operated at “best economy.” 
economy 


Powers in excess of this “best 
range may require some empirical enrichment of 
the mixture to suppress detonation. In this latter range of 
power, the engine will run with “part-lean” mixtures instead 


of “best-economy” mixture. 


This reasoning gives us two general classifications of engine 
power as defined by mixture requirements. The point of 
transition from one type to the other depends upon the specific 


engine and fuel combination. The specific fuel consumption 
of the “best-economy” range is defined by Fig. 4. The specific 


fuel consumption of the “part-lean” range of cruising power 
may be defined empirically by the engine manufacturer as 
shown in Fig. 8. In this range, the permissible specific con 
sumption is more a function of bhp than bmep. However, 
bmep influences detonation and engine life, so the engine man- 
ufacturer naturally will wish to control bmep for intermediate 
range cruising powers also. This consideration makes bmep 
a reasonable parameter for intermediate-range cruising, al 
though for a slightly different reason than was the case for 
long-range cruising. 

It would appear logical now to arrange so that the two gen- 
eral divisions of available cruising power, based on engine 
considerations, would coincide with the respective power re- 
quirements of the two general types of cruising flight. This 
arrangement would require coordination between plane and 
engine builders but is not impractical. Such an arrangement 
would lead to a flight regime approximately as follows: 


TYPICAL CURVES OF SPECIFIC FUEL CONSUMPTION, PROPELLER 
EFFICIENCY, AND nic FOR THE GIVEN AIRPLANE, ENGINE , 
AND PROPELLER COMBINATION. 
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Type of Air Speed Percent Rated Mixture Ratio 
Flight Power 
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Inte rmediate maximum 


mpg 
Speed of max- 3 
imum mpg 


(Probably best 
power) 
to 60 Jest-cconomy 
(Minimum 
specific ) 
The preceding flight regime defines the airplane’s speed and 
engine-power requirements, but does not include the engine 
power control parameter. We must therefore add the engine 


Long-range 


bmep and rpm limits to obtain the complete regime. The 
final regime will be approximately as follows: 
Flight Regime 
Percentof Percentof Percent of 
Type of Rated Rated Rated Mixture 
Flight Air Speed Power RPM BMEP Ratio 
Take-off Take-off 75toT.O. gotoT.O. 85 to T.O. Full-rich 
and to maxi- 
hi-power mum 
Inter- Above 60 to 75 75 to go 85 maximum Best-power 
mediate optimum 
range 
Long- Optimum 30 to 60 50 to 75 80 maximum Best- 
range 


economy 

We have now a general conception of a probable flight 
regime, and we can proceed with the development of a flight 
technique. Since bmep is to be the control parameter, the 
technique will consist of a practical method of bmep control. 

The physical problem of bmep control in flight should 
arouse considerable controversy because there are at least three 
solutions immediately available. The first, and conventional, 
solution is to use manifold pressure as the index of bmep. The 
second solution would be to use a torque meter to furnish the 
bmep control function. The third solution consists of using 
indicated air speed as an indication of power output, employ- 
ing an actual airplane calibration as the source of “power- 
required” data. Each solution has certain advantages and 
disadvantages, but it is believed that, for the present, manifold- 
pressure control has definite claim for preference for several 
reasons, which will be apparent as we proceed. 

The indicated air speed may be used as the controlling fac- 
tor in the use of the bmep parameter on an airplane which 
has been calibrated against power. Such use of the indicated 
air speed does not account for variations of the /c factor 
except by approximation, and would be very unreliable under 
rough-air operating conditions. As a typical example of this 
application, Fig. 9 has been prepared. This is a cruising- 
power control chart similar to those in common use on the air- 
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lines of this country, with the exception that the limiting bmep 
line has been added. From this type chart, it is possible to 
select the cruising power (Point 4) required to maintain a 
schedule under any given set of atmospheric conditions. Then, 
from this selected brake horsepower, it is possible to select the 
rpm to give the allowable bmep as shown at Point B of the 
example. 

The use of this approximate means of power control will 
result in improved operating efficiency over the constant-rpm 
type (Type A of Fig. 2), but will not give as great an advan- 
tage as the other two possibilities which will be discussed as 
follows: 

If torque-meter control is used, the procedure is quite simple. 
Since brake torque, which the torque meter registers, is di- 
rectly proportional to bmep, the cruising bmep limit set by 
the engine manufacturer can be translated into torque, and 
the engine can then be operated at that torque value, by either 
manual or automatic throttle control. When operating with 
such torque control, it usually will be found that maximum 
range will be attained by permitting some decrease in torque 
toward the end of a long flight. This condition is occasioned 
by the propulsive-efficiency characteristics of the propeller in 
stallation, and can be handled as a correction to the original 
torque setting, as mentioned earlier in this paper. The mag- 
nitude of this correction is determined easily for any particular 
application. 

If manifold-pressure control is used, the actual flight pro 
cedure is as simple or even simpler than that for torque-meter 
control. A little more preliminary work is required for the 
manifold-pressure control, however. 

To determine the relation between absolute manifold pres 
sure and bmep, we can plot the limiting bmep lines on bhp 
vs. manifold-pressure curves as shown on Fig. to (sea-level 
curves). Since these power curves indicate the output for 
best-power mixture ratios, the bmep line just plotted will in 
dicate the best-power manifold pressures required to produce 
the desired bmep. However, all cruising is not done at best- 
power mixtures, as reference to the proposed flight regime will 
indicate, and so some correction for leaner mixtures must be 
made. Knowing what the operating regime is to be, we can 
estimate what deviations from best-power manifold pressure 
will be required to produce the limiting bmep for each stage 
of operation. We can then plot this corrected manifold pres- 
sure on the power curves as is indicated on Fig. 10. For this 
corrected manifold pressure line, we may select one average 
manifold pressure which will give us approximately constant 
bmep throughout the operating stage under consideration. 
This average manifold pressure also is indicated on Fig. 10. 
We now may assume arbitrarily that operating with this aver- 


TYPICAL POWER CONTROL IN CRUISING LEVEL FLIGHT 
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age constant manifold pressure will produce the desired bmep 
except in the range where the average manifold pressure 
deviates more than 0.2 in. from the corrected manifold-pres 
sure line. When such deviation occurs, we may assume sately 
that the change in bmep will be directly proportional to the 
deviation in manifold pressure. 

Reference to Fig. 10 now will show that, in the low-power 
cruising stage, which is for maximum-range operation, the 
principal deviation from constant bmep occurs at the lower 
rpm and results in a reduction of bmep. This condition is 
usually an advantage because it is consistent with the re 
duction in torque required toward end of a long flight to 
maintain high propulsive efficiencies. This same effect was 
mentioned in the discussion of torque-meter control. It should 
be noted, however, that manifold-pressure control usually 
provides the desired change in torque automatically whereas, 
in the case of torque-meter control, the same effect requires 
manual adjustment. 

We now can follow the procedure just outlined and select 


TYPICAL ABSOLUTE MANIFOLD PRESSURE CURVES ON A 
TYPICAL ENGINE SHOWING VARIATION AT BEST 
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for several altitudes the manifold pressure required to produce 
the desired limiting bmep. Plotting these results, we note that 
the required manifold pressure decreases with altitude as 
would be expected. Fig. 11 shows an example of such a plot. 

From Fig. 11 we see that two types of cruising operation 
are optional. We may operate at constant bmep (Type C), 
which will assure maximum efficiency for long-range cruising, 
or at constant manifold pressure (Type D) which is simpler. 
Which type of operation is selected depends upon the par 
ticular application involved. It is believed that Type D will 
be found to be entirely adequate for all ordinary operations 
because the principal deviation from optimum performance 
will occur at low altitudes and, therefore, can be avoided. 

From the data that we now have, we can next plot the alti 
tude power curves as shown on Fig. 12 (Type D operation). 

It will be noted that the curves indicated so far will specify 
standard carburetor air temperature. With variable carburetor 
air temperatures, the manifold pressure required to produce a 
desired bmep also will vary. The required absolute manifold 
pressure may be assumed to vary directly as the square root of 
the absolute carburetor air temperature. Fig. 13, therefore, 
shows Type D control data for the usual range of carburetor 
air temperature. 

When we have compiled power curves similar to Fig. 13 
for each stage of our cruising regime, we have at hand all the 
data needed to provide manifold pressure control for pre 
selected bmep cruising operation. 
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TYPICAL VARIATION OF ABSOLUTE MANIFOLD PRESSURE 
WITH ALTITUDE AT VARIOUS RPM 
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Fig. II 


The selection of the final means for controlling bmep in 
flight must be determined for each particular application 
separately. Regardless of what method is used, the bmep 
parameter for engine control during cruising flight should 
contribute a substantial improvement in operating efficiency, 
particularly so in the case of long-range cruising. 

The use of the proposed bmep parameter for cruising 
power control introduces one problem which must be con 
sidered during the development stage of the airplane. This 
problem concerns the requirement for careful consideration of 
any objectionable resonant vibration which may exist within 
the selected operating range. Inasmuch as every aircraft 
engine-propeller combination has a number of unbalanced 
forces or couples acting as exciting forces as some direct func 
tion of engine rpm, the problem of vibration isolation becomes 
one of the major problems of this type of operation, and is 
one of the principal reasons why existing aircraft have not 
taken much recognition of the possibilities of the increases in 
efhciency thus available. With the advancement recently made 
in vibration isolation, it is no longer necessary to have cruising 
engine rpm selected principally in consideration of passenger 
and crew comfort (lack of resonance), and it is now possible 
for the operator to select his method of cruising-power control 
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based on efficiency alone with no penalty imposed upon pas- 
senger comfort. 

The use of the bmep parameter for cruising-power control 
changes the criteria for the selection of engines for a given 
type of operation. 

As is usual, the selection of an engine for any particular 
application must be based upon both take-off and cruising- 
power characteristics of the engine. The take-off character- 
istics are not affected by use of the proposed power-control 
parameter, but the cruising power characteristics are. At 
present it is customary to select cruising-power characteristics 
without any specific regard to bmep or to the maximum alti- 
tude to which the maximum permissible bmep can be carried. 
The bmep parameter, on the other hand, places emphasis 
upon bmep rather than power, and upon the critical altitude 
for maximum bmep rather than upon the critical altitude for 
maximum cruising power. This is a fundamental change in 
the conception of cruising-power requirements, and points 
toward the desirability of higher supercharger capacity for 
cruising operation. The use of this higher supercharger capac- 
ity may or may not be accompanied by increased specific 
consumptions depending upon the type of supercharging 
used, but a gain in overall efficiency usually will result from 
raising the altitude to which the maximum permissible bmep 
can be carried. 

In the preceding discussions we glibly have mentioned 
“best-economy” mixture ratios. No mention has been made 
concerning how these mixture ratios are to be obtained. Re- 
cent carburetor developments have indicated the possibility of 
automatic carburetor control to obtain “best-economy” mix- 
tures. In the absence of such automatic means, manual mix- 
ture control must be used to set the fuel-air ratio, or the fuel 
flow, at predetermined values. 

In conclusion, we believe that the bmep parameter discussed 
in this paper should assist materially in the intelligent pre- 
selection of engine and propeller combinations. We believe 
that the use of this parameter will enable the airplane oper- 
ator to develop a more efficient operating technique, and 
thereby to assure himself a practical optimum in overall efh- 
ciency. We have indicated the attendant problems, particu- 
larly in regard to vibration isolation. Means for the application 
of the parameter in flight have been suggested. 

The realization of improved cruising efhiciency which, we 
believe, will result from the use of the bmep power-control 
parameter is dependent upon the continued close cooperation 
among the airplane manufacturer, the propeller manufacturer, 
the engine manufacturer, and the operator. 











Trends 1n Commercial-V ehicle 


Spring Suspension 


By N. E. Hendrickson 


Vice-President, The Mather Spring Co. 


HOUGH “commercial vehicles” include mo- 

tor trucks, omnibuses, and railcars, this paper 
discusses only the springing of the first two types. 
Railcar suspension is primarily a railroad devel- 
opment, and thus its problems are much different 
from those of automotive road vehicles. 


A review of the fundamentals of spring sus- 
pension is given, outlining the requirements for 
comfort of the passengers of motor buses, or the 
safety from damage of the merchandise carried 
in motor trucks. The special problems peculiar 
to commercial-vehicle springing, as compared 
with the passenger automobile, will be discussed, 
notably the difficulty of obtaining satisfactory rid- 
ing qualities, long life of springs, and reasonable 
limitation of side-sway, throughout much wider 
ranges of loading. 


Various methods of meeting the problems will 
be described, some already familiar through com- 
mon usage, whereas others, though promising in 


the experimental stages, are not as yet commer- 
cial. 


HE paper presented in Detroit in March, 1938, before 

the SAE National Passenger Car Meeting, by Tore 

Franzen, covered in a most comprehensive manner the 
recent developments in springing the passenger automobile. 
In view of the rapid changes that are occurring in commercial 
vehicles, a similar study of their springing would seem to be 
justified — and that is the purpose of this essay. 

“Commercial vehicles,” of course, should include trucks, 
buses, and railcars but, as the last are definitely a railroad 

_ rather than an automotive development, I shall take the liberty 
of excluding them. 

Perhaps a brief summary of the fundamentals of spring 
suispension would be in order. Webster defines a “spring” as: 
“An elastic body or device that recovers its original shape 
when released after being distorted. Springs are used to check 
recoil or diminish concussion and jar, to store up energy, and 
for other purposes.” 


Springs are thus in the same class as hydraulic accumula- 





{This paper was presented at the National Transportation Engineering 
Meeting of the Society, New York, N. Y., Nov. 16, 1938.] 


tors, flywheels of engines, or electric accumulators. They may 
give out their energy slowly, as in the case of the main spring 
of a clock, which is wound in a few moments and runs 24 hr, 
or even 8 days. In other cases the energy may be released 
several times a second, as in the hair spring of the same clock. 
Obviously, the value of the suspension springs of an auto- 
motive vehicle lies mainly in the way that they increase the 
time in which the energy is absorbed and released, for the 
gradual dissipation of the shocks of the road relieves them of 
their objectionable qualities. 


Why We Need Springs 


Many years ago, a pioneer among the English automobile 
engineers stated that we needed springs on our vehicles be 
cause we could not tolerate sudden movements, that is, move- 
ments of high frequency. He pointed out that the human 
mechanism, through the ages, had become comfortably accus 
tomed to the reactions caused by walking at about 2 to 3 mph. 
At an average pace of 30 in., this rate requires 70 to 105 steps 
per min. Whether the theory is scientifically exact or not, 
such frequencies happen to be common to well-designed auto 
motive suspensions of the present day. 

Thus, low frequency of oscillation is essential for good 
springing. Since frequency is inversely proportional to the 
static deflection, it follows that we must have high static 
deflections. The well-known formula for frequency should 
perhaps be stated: 

If T is the time of one full oscillation, in sec, and d is the 
static deflection of the spring, in in. 


d he ete sa: , 
T = ary — which becomes, simplified, 7) = 0.319V/d 
( 


If m is the number of oscillations per min, 


60 60 ISS 
—— whence n = —— 
T 0. 3194 ad Vd 
Obviously, this is a modification of the well-known pendu 
lum formula, and it will be noted that deflection is the only 
factor governing frequency — not length, width, thickness, kind 
of steel, or friction. This statement is true of coil springs, leaf 
springs, rubber springs, air springs, or springs of any other 
material or type—as long as the stiffness does not vary 
throughout the working range. 
For example, if under a given load a suspension spring has 
deflected 4 in. from its free or unloaded position, it will 
18S 
oscillate at a frequency of 
jw 
To get high static deflections without excessive weight is the 
special problem of the engineer who designs spring suspen 
sions. It becomes complicated by the fact that the springs are 





- g4 times per min. 
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at work every moment that the vehicle is in service, whether 
in motion or at rest, for they at least carry the static load at 
all times. Next to the engine valve springs, they are in service 
perhaps more of the time than any other part of the motor 
vehicle, and the service is far more severe because it varies 
continually over a very wide range, whereas the valve springs 
have a constant range of stresses. For example, a suspension 
spring with a static stress of, say, 80,000 lb per sq in., may 
reach 130,000 lb per sq in. or more at shock deflections and, 
on the rebound, drop to 40,000 lb per sq in. or less. In fact, 
to the conservative engineer, the stresses used in automotive 
leaf springs seem almost insane. It is very evident that such 
stresses require materials of maximum strength and endur- 
ance, and that is why alloy steels of high fatigue qualities have 
been adopted universally for springs. In such modern alloy 
steels as chrome-manganese, chrome-vanadium, and that most 
recent development, Amola, or manganese-molybdenum steel, 
we are accustomed, after proper heat-treatment, to elastic 
limits around 180,000 to 200,000 lb per sq in., ultimate 
strengths even higher; yet elongations of 8 to 14% are ob- 
tained readily, assuring great “toughness,” or freedom from 
“shock brittleness,” that often is associated with high hardness 
values. 

The two factors most potent in “wearing out” any spring 
are I. maximum or “top” stress, and 2. stress range.’ In resist- 
ing these factors the alloy spring steels so greatly excel high- 
carbon spring steels that they are cheaper to use in dollars and 
cents even if we ignore their greater uniformity. 

We can demonstrate mathematically that: 

The weight of material in any spring 

= load X static deflection under that load X K (a constant) 


stress X stress 


this constant being determined by the type of spring, whether 
leaf, helical, coil, torsion bar, or volute, and the amount of 
excess material required for anchoring, and so on. 


Items Determining Weight 


Therefore, the major items that determine the weight of 
any spring are load, static deflection, and the stress existing 
under that deflection. Please note that the formula makes no 
mention of length, width, or thickness of spring leaves, or 
diameter of wire in coil springs or torsion bars, and it is 
strictly. true that these must be determined solely from practi- 
cal considerations. You could carry 1000 lb of load and get 
6 in. of deflection in a leaf spring 18 in. long by 1 in. wide, 
with leaves 1/32 in. thick —- but your several hundred leaves, 
though weighing only, say, 30 lb, would be prohibitively 
costly, even if you could ignore the axle movement due to 
excessive changes in length, the high interleaf friction, and 
many other practical factors. 

It is specially noteworthy that, in this formula, the stress 
factor in the denominator is squared, so that any increase in 
allowable stress in a spring design rapidly reduces the weight 
of material required. For example, raising the stress from 
50,000 to 60,000 lb per sq in., or 20%, will lighten the spring 
in the ratio. of the square of these values, as 25 to 36, or about 
one-third. Because of this phenomenon, the best material, 
that is, that which has the highest physical qualities and 
fatigue characteristics, is the cheapest to use for springs since 
fewer pounds are required. This is the main reason why high- 
carbon spring steel, so common in the early days of the auto- 
motive industry, has practically disappeared from the suspen 
sion field. 

The value of K in the preceding formula for a theoretically 
ideal leaf spring will be approximately 25,000,000. However, 
the excess material not used in deflection, such as spring eyes, 
rebound clips, the clamped distance at the axle seat, and so on, 
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will make a value of 30,000,000 to 35,000,000 more logical for 
well-designed leaf springs in actual practice. 

Obviously, similar formulas can be developed for springs 
actuated by torsion, either in helical form or as straight torsion 
bars. Other factors being equal, a torsion spring will weigh 
from one-half to two-thirds as much as a leaf spring. How- 
ever, it is rather difficult to conceive of a case where all factors 
are equal, since leaf springs are usually structural members as 
well, acting as torque arms and radius rods, whereas torsion 
springs invariably do nothing but carry their load. 

We have seen that large deflections are necessary for slow 
frequencies and, in turn, that the load determines the deflec- 
tions in any given spring. If we could maintain the same 
frequency under all loads, we would of course have the ideal 
condition. In passenger cars the problem is not so difficult, 
for the rear spring load rarely varies more than 30% and, in 
one 1939 car, “variable-rate” leaf springs are used to maintain 
practically constant frequency through that range. Unfortu- 
nately, the load variation is much greater in commercial 
vehicles, and the difficulty of obtaining satisfactory frequencies 
at light loads is ever present, not to mention the need of 
progressive stiffening to reduce side-sway, a serious problem 
because of the narrow spring treads made necessary by large 
tires. For example, in a 3-ton truck, the load on each rear 
spring may vary from 1400 |b with no payload to 7000 lb at 
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Progressive spring—In this design the helper section imme- 
diately under the main section comes into contact gradually 
under increasing load. 
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Two-stage spring—Here the helper section is placed 
the main section. 
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100% overload. In this case, a conventional or “straight-line” 
spring with 5-in. deflection at overload would have only 1-in. 
deflection at light load, and the corresponding frequencies 
would be 84 per min loaded and 188 per min light. As an- 
other example, a 30-passenger bus with rear-end engine may 
have on each front spring, a load range from 1500 lb with no 
passengers to 4200 lb when carrying 100% standees. In this 
case, a “straight-line” spring with 6-in. deflection at overload 
would have only 2.15-in. deflection at light load, and the 
frequencies would run 77 and 128 per min, respectively. 

Various methods of meeting this problem have been de- 
vised, among them the “two-stage” spring in common use on 
trucks, and the “progressive” spring, more generally applied 
to buses. (See Fig. 1.) Their characteristics are indicated by 
the load-deflection curves, which show the gradual increase in 
stiffness of the “progressive,” as compared with the sudden 
step-up of the other type. Much interesting data on variable- 
rate springs will be found in the paper entitled, “Recent 
Research on Leaf Springs and Their Applications,” given 
before the Detroit Section of the Society, May 23, 1938, by 
Messrs. Shoemaker, Probst, and Whiteman. 


Special Torsion Rod 


Another commercial vehicle suspension with variable-rate 
characteristics, which has excited considerable interest in the 
past year or two, is the special type of torsion rod, sponsored 
by The Truck Equipment Co. and illustrated in Fig. 2. This 
suspension carries its load by the torsion or twist of bars 
placed longitudinally along the chassis frame, these bars per- 
forming no other duties, and the positioning of the axle being 
taken care of by mechanical linkage. Among the advantages 
claimed are low frictional resistance to road shocks, great 
stability because of the wide spring centers, and considerable 
lateral flexibility. 

The range of stiffness variation is very broad, and is gov- 
erned by the position of the crank arm at any given load. 
When this arm is horizontal, the torsional flexibility is obvi- 
ously most effective. As the crank moves toward the vertical 
position, the spring resistance increases since a smaller upward 
movement gives the same angular twist as before. This con- 
dition is readily apparent from the diagram, as is also the fact 
that excessive stiffening, and even “hard riding,” may result 
when only the upper part of the quadrant is used. Fortu- 
nately, this condition is corrected easily in this suspension by 
merely winding or unwinding the torsion bar to change the 
working range of the crank. There will be further comment 
later in this paper about the amount of increase of stiffness 
desirable in any suspension. 

The Mather “Magnaflect” suspension is still another type 
designed to obtain this much-desired “variable rate,” or in- 
crease in stiffness as load increases. As will be noted from the 
diagrams in Fig. 3, the suspension uses radius rods to main- 
tain axle positioning, and a cantilever spring, either of the 
quarter-elliptic type or the semi-elliptic type, to carry the load. 

When light loads are imposed on this suspension, we have 


the benefit of the leverage # to magnify this load, and we 


also have an unusual length of spring which, if maintained 

throughout the full range of travel, would be prohibitively 
' flexible. Thus a small load becomes a heavier load, and is 
made to act on a very flexible spring, and the resulting move- 
ment in turn is magnified by the leverage. 

As the load increases, the axle travel for each pound of 
increase gradually becomes less, because: 1. the leverage acting 
on the spring is reduced when the spring bears farther out on 
the radius arm, and 2. the effective spring length is reduced 
for the same reason. (The fact that the spring flexibility 


varies as the cube of the length indicates the tremendous possi- 
bilities of stiffening the rate.) 

When maximum loads finally are imposed on the suspen- 
sion, the leverage has been eliminated entirely and the spring 
reduced to its minimum effective length, thus giving the 
smallest movement per pound of additional load. This is 
eminently desirable, as “bottoming” is practically eliminated 
without the use of any special devices to check the spring 
travel. 

In this device about 90% of the suspension may be con- 
sidered sprung weight. Furthermore, the total weight and 
cost will compare favorably with conventional non-progressive 
springing, since the spring stresses can be run at high values 
because of the limited stress range. It is possible to change the 
variable-rate characteristics to any desired degree by modifying 
the contour of the active spring end, or the cam on which it 
bears. An increase in stiffness of 500%, or even 1000%, is 


easily possible between no load and full load, since the value of 
R? | 1,3 


— xX 7,2 620 become rather formidable. In ordinary practice, 
a- 42 . ¥ 


only about 5 in. change of length is necessary to obtain the 
desired stiffening, and the anti-roll characteristics are specially 
noteworthy. 

Several of these suspensions are being tested in active ser- 
vice, one in the front end of a 30-passenger Twin Coach, the 
others on the new dual-type coaches of the same manufacture. 

It is believed more or less commonly that, in “variable-rate” 
spring suspensions, we may stiffen as rapidly as we please for 
overload conditions, once we have provided a generous static 
deflection for the light load. Consider, for example, the right- 
hand front spring of a certain 35-passenger bus with rear-end 
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Fig. 3— Mather Magnaflect spring suspension 


engine, carrying a no-passenger load of 2000 lb, and a 100‘ 
standee load of 4000 |b. Since minimum step-height variation 
is desirable, it would seem that this suspension might be 
designed for 5-in. static deflection at 2000 lb (frequency, 84 
per min), and then another 1 in. of travel be allowed for the 
additional 2000 lb to standee load. Thus, there would be a 
total static deflection of 6 in. at 4000 lb of load — but, unfor- 
tunately, the frequency at this latter condition would not be 
77 (corresponding to 6-in. deflection) but much higher, pos- 
sibly 100 or more, depending on the load-deflection curve. 
Further, the riding qualities would be abominable, especially 
at full load. 

The mathematics of such pseudo-harmonic vibrations are 
rather complicated, but graphic methods enable us to obtain 
the approximate frequency at any portion of the load-deflec- 
tion curve. These methods were described in the aforemen- 
tioned Shoemaker-Probst-Whiteman SAE paper of May, 1938. 

What, then, is the fundamental principle which was vio- 
lated in the preceding hypothetical case? It is this: “The 
increase in rate (stiffness in lb per in.) must not be more 
rapid than the increase in load.” Thus, if we have a 5-in. 
static deflection at 2000 lb of load, or a mean rate of 400 |b 
per in. in this portion of the deflection, the doubling of that 
load will justify only doubling of the rate, to a mean of 800 lb 
per in. during the second 2000-lb range. Accordingly, the 
travel between 2000-lb load and 4000-lb load would have to 
be not less than 2'4 in. to insure the same degree of comfort 
at the 4000-lb load condition. 

This principle needs to be considered not only in bus sus- 
pensions, but in trucks as well. Many a “helper” spring is 
outrageously stiff in comparison to its main spring, and the 
discomfort to drivers and damage to merchandise from such 
springing are very serious. 
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The value of the Hotchkiss drive principle often is over 
looked in development unique suspensions to meet certain 
load requirements. Few engineers realize that, with sudden 
power or brake application to the rear tires, the “wind-up” or 
figure S distortion of the spring, may cause the axle to rotate 
as much as 7 deg. The benefits from such tremendous cush- 
ioning effects, extending from the engine through all Ahe 
driving mechanism to the rear wheels, 


can be imagined 
Further, 


Hotchkiss drive is not only free -“God’s 
gift to the automotive engineer,’ as someone has described 
it - but it usually works more efficiently than the radius rods, 
torque arms, and other devices that are designed to eliminate 
it. I am glad to note that one prominent passenger-car manu- 
facturer is featuring the “power cushion drive” 1939 
advertising. 


readily. 


in his 


Leaf Spring Threatened 


In this day of rapid change, nothing seems secure. Even 
the tried and true leaf spring is being threatened seriously by 
new devices, made not only of steel, such as coil springs and 
torsion bars, but there are also air springs and rubber suspen- 
sions. Mr. Franzen’s paper of last March gave considerable 
mention to this subject, but obviously it is far too broad, and 
some phases are too recent, to allow of its discussion here. 
However, it does seem in order to point out some of the recent 
advances in leaf springs to meet the new competition. 

Among these advances 
have 


are the two new steel sections which 
been developed, aiming, by more efficient use of the 
spring material, to reduce the weight required for any given 
load and deflection by at least 7%. One of these sections, the 
Eaton grooved section, is well keown to automotive engineers, 
having been described fully in the aforementioned Franzen 
paper. 

The other section is called “parabolic-edged spring steel” 
because the edges on the compression side are modified parab- 
olas. The reason for so making them is to relieve or elim- 
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inate the concentrated corner stresses on the tension side. 
Fig. 4 shows how flat steel sections act in bending, and com- 
pares the conventional and parabolic sections. If you will bend 
an ordinary rubber eraser, you will see how the compression 
side bulges, and because the material has no place to go except 
upward and sidewise, it forces a concave surface on the ten- 
sion side. 


Bows Designed Similarly 


The long bow, that ancient weapon which made England’s 
archers famous in the days before gunpowder, had a section 
with a flat tension side, and modified parabolas on the com- 
pression side. After reading some of the many books which 
have been written about the bow and arrow, I am convinced 
that the designers of these weapons were no mean craftsmen, 
and apparently they had developed, by much experimentation 
through the years, the shape of bow which would give maxi- 
mum efficiency with minimum weight. 

As yet there is not much data available regarding the life 
of the parabolic-edged spring steel in actual commercial use, 
though it has been adopted in the rear springs of one of the 
1939 passenger cars which, incidentally, are of the variable-rate 
type. However, all laboratory tests have been exceedingly 
favorable, showing 30 to 50% longer life for the same stress 
range, and this increase despite the 7 to 8% weight saving. 
Perhaps this performance can be ascribed to the fact that none 
of the specimens showed the initial failure at the corners of 
the tension surfaces, which is so common in conventional 
spring steel. It would seem, therefore, that we are not limited 
to the mentioned 8% weight saving for, if we are satisfied 
with the life of a given design in conventional steel, we would 
dare run higher stresses in parabolic steel. In fact 10% saving 
ought to be easily possible in most cases. 


Advance in Design 


The advance in general design of commercial-vehicle spring- 
ing in the last three or four years also is deserving of com- 
ment. Until recently, Jong and wide springs were a novelty — 
now they are the usual thing, particularly on motorcoaches. 
The formula mentioned earlier emphasizes that weight of 
spring material is independent of length and width, so there 
is no penalty attached to making our springs long and wide. 
Further, there are unquestionably great advantages, notably: 


1. Ample mechanical strength of spring eyes because the 
main leaves can be heavy enough without fear of overstressing 
through their deflection range. 

2. Greater “column strength” in the main leaf, against the 
drive and torque forces. 


3. Less change in spring length with changing deflections 
and, consequently, in front springs, less effect on steering 
geometry. 

4. Less angular “wrap-up,” since a given deflection due to 
torque reaction is effective over a longer beam. 

As a matter of fact, a long spring, assuming a given deflec- 
tion and stress, usually weighs a trifle less, because the clamped 
section at the axle seat is a smaller proportion of the total 
weight. For example, 6 in. is only 8% of 72 in., but it is 11% 
of 54 in. 

Since commercial vehicles, and particularly motorcoaches, 
cover enormous distances every year in hard service, we have 
had to learn about the stresses and stress ranges that are con- 
ducive to long life of their suspension springs. Obviously, 
what would be entirely satisfactory for the 10,000-mile-per-year 
passenger car, would not do for the 100,000 miles annually of 
the bus or truck. 

Most engineers are somewhat familiar with the work of 
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Wohler, the German scientist who, experimenting under the 
auspices of the Prussian Government during the years 1859 to 
1870, first propounded the theory of fatigue of metals. He 
found that the number of vibrations that a specimen would 
stand was determined by two factors, namely, range of stress 
and the maximum stress reached. He also found that, if the 
stress range was increased beyond a certain critical value, the 
lite dropped off very fast —in fact, out of all proportion to the 
increase. The following brief excerpt from some of Wohler’s 
experimental results on Krupp spring steel subjected to re- 
peated bending will be of interest: 


Stress Range, Ib 
per sq in. 


Number of Times Bent 
before Failure Occurred 
oO to II0,000 
0 to 88,000 
0 to 66,000 
0 to 55,000 


39,950 — broken 
117,000 — broken 
468,200 — broken 

40,600,000 — not broken 


Note that the life was tripled, increased from approximately 
40,000 to 120,000, by a stress range reduction of only 20%; the 
life was changed from 40,000 to 40,000,000, that is, multiplied 
1000 times, by cutting the stress range 50%. Further, the 
great increase in the life between a 66,000 and 55,000 stress 
range indicates that the critical range for this particular steel 
was somewhere near 60,000 lb per sq in.; consequently, any 
springs made of it should be so designed that the working 
range would always remain below this value. 

The latest Greyhound Cruisers might be mentioned as a 
type of modern commercial vehicle in which safety, passenger 
comfort, and long life are absolute essentials. In their springs 
have been embodied the principles just discussed, and with 
outstanding success. Perhaps a brief description of this suspen 
sion might be of interest. 

The front springs are 60 in. long and 4 in. wide, with main 
leaves 13/32 in. thick. The rear springs are 74 in. long and 
4 in. wide, with main leaves 17/32 in. thick. Thus there is 
ample main leaf strength to hold the screw-thread bushings 
firmly in the eyes. In fact, minimum press fits of 4000 |b in 
front spring eyes, and 6000 |b in rear spring eyes, are obtained 
safely. Loose “military-type” wrappers are provided around 
all eyes as an extra precaution, and all leaf ends are roll 
tapered. 

Static deflections under full seated load of 6 in. in the front 
springs, and 7¥, in. in the rears, compare favorably with 
modern passenger cars. However, for long life and safety, the 
mean static stresses are somewhat lower than we allow in 
passenger cars, running 70,000 lb per sq in. in the fronts and 
81,000 in the rears, and the stress ranges are correspondingly 
reasonable. Thanks to these sound design principles, com 
bined with good material (chrome-vanadium steel), properly 
heat-treated, the life of these springs is averaging well over 
100,000 miles. 


Conclusion 


In the foregoing remarks, I have tried chiefly to cover basic 
principles, and I realize full well that I have merely scratched 
the surface of my subject. Many important details of com 
mercial-vehicle suspension have been omitted, such as rubber 
and screw-thread bushings, the Mack Rubber Shock Insula 
tors, six-wheel truck suspensions, sway bars, and numerous 
other items deserving of attention. Obviously, however, time 
and space do not permit of further elaboration. 


In closing, may I give grateful recognition to the splendid 
cooperation I have had from my associate, Robert W. Nilsson, 
in the preparation of this paper. 
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Aircraft-Engine Valve Mechanisms 


By Vincent C. Young 
Chief Engineer, Wilcox-Rich, Division of Eaton Mfg. Co. 


EMESIS of aircraft valve mechanism is false 
motion, Mr. Young believes. False motion 
in valve gear, he explains, is any motion of parts 
other than the theoretical, and it affects any part 
of the mechanism from the valve to the cam, since 
high loadings can be encountered which far exceed 
the calculated stresses. The result often is failure, 
either partial or complete, he contends, and illus- 
trates this point by diagrams of actual valve motion 
under operating conditions. Emphasis is placed 
on other effects from the same cause, such as high 
seating velocities. 


In a discussion of the hydraulic lash adjuster, 
the author stresses its effect on seating velocities 
and maintenance of fixed timing, referring particu 
larly to air-cooled radial engines. 


The importance of reduced operating tempera- 
tures of the valves is pointed out in regard to in- 


creased strength, and to improved fatigue and cor- 
rosion resistance. 


N using the term “valve mechanism,” we think of it as 
| covering all phases of the gear and the attendant parts 

that have to do with the induction and scavenging system 
of an internal-combustion engine. Obviously this is a vast 
subject, and any attempt to cover it in its entirety would re- 
quire a book or perhaps several to do it proper justice. The 
topics dealt with, in consideration of the vastness of this sub- 
ject, are confined to a few such parts as are affected by opera- 
tion as well as original design, and from the viewpoint of the 
parts manufacturer rather than the engine designer. 

In designing for the future, one of the greatest aids in seek- 
ing improvement is careful study and analysis of results with 
current design, both from service as well as experimental 
operation. Failures — either partial or complete — play an im- 
portant part in dictating design and material changes and, if 
they can be analyzed with a fair degree of accuracy, the cor- 
rection is generally made in a direction that will lead to im- 
proved and more satisfactory results in future designs. 

It is quite conceivable, without stretching one’s imagination 
too far, that, if engine parts functioned always as designed, 
many of the problems that arise from service operation would 
not exist; but this is far from being a fact and makes neces- 
sary constant revisions to overcome unpredicted factors. De- 
velopment work in connection with the application of hydrau- 
lic lash adjusters has emphasized the necessity for detail study 





[This paper was presented at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 10, 1939.] 
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in connection with the proper functioning of cam-operated 
parts. The mechanical type of lash adjuster apparently covers 
up a multitude of sins which, in normal operation, apparently 
are not considered the instigators of troubles that develop from 
time to time but, with careful study and investigation, are 
found to be generally the basic cause of failures at a later date. 

We define “false motion” in valve gear as being any motion 
of parts other than the theoretical. The cam is laid out to 
impart a certain motion to the valve. Calculation of stresses 
are based on this assumption and the parts designed accord- 
ingly, but the Nemesis of valve mechanism in the form of 
false motion creeps in and parts still misbehave. 

This departure from the true path affects any part of the 
mechanism from the valve to the cam, since high loadings 
can be encountered which far exceed the calculated stresses 
with consequent failure, partial or complete. It has consider- 
able effect on seating velocities as affecting valve and cylinder- 
seat life. This particular item is an exceedingly difficult fact 
to run down as there are generally many other variables that 
affect it, and ofttimes these variables obscure the direct cause 
of the trouble. 

To illustrate this point, data have been developed to show 
the effect of cam design on the lift diagram. The diagrams 
shown are developed from point-to-point measurements of 
valve lift at the various cam angles, covering only that portion 
of the cam from the start of opening to seating. The lift 
actually is measured at each cam angle by a specially de- 
veloped micrometer operating in conjunction with strobo- 
scopes at the valve and at the camshaft — the first being neces- 
sary to measure the lift, and the second to locate the exact 
angle at which this lift is being measured. 

Fig. 1 is the record of a cam having a rather high accelera- 
tion; the full line represents the lift at comparatively low speed 
(500 rpm), and the dash curve that taken at 2050 rpm. The 
outstanding fault with this particular cam is that the loading 
is such that considerable deflection takes place which does not 
cause too much harm on the opening side, but can certainly 
cause a great many things to happen on the closing side. The 
seating velocity is increased on the order of 10:1 and, in this 
particular test, this velocity was apparently high enough to 
cause actual deflection of the seat, as it will be noted that the 
lift curve of the valve travels below the base or zero lift line. 
This section of the diagram is shown enlarged on Fig. 2, and 
here can be seen the extent to which false motion is imparted 
to the valve. 

Fig. 3 is the lift curve of a cam having approximately one- 
third the acceleration of that shown on Fig. 1; this condition 
is accomplished by maintaining the opening point at the same 
timing position, but delaying the closing. Higher-speed opera- 
tion was desired in the second case and, consequently, the 
whole lift curve was shifted to some extent. However, if less 
lag were desired, the centerline could be retarded which 
would bring the actual opening timing point somewhat 
earlier, but the effective lift would not be changed materially. 
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This curve very forcibly brings out the reduction in deflection 
at the closing point. Fig. 4 is an enlarged scale section of the 
closing event, and it will be noted that the valve contacts the 
seat at, or very close to, the desired velocity, which is at the 
rate of 0.0005 in. per deg of cam travel, or, at 2400 rpm, with 
a velocity of 0.3 fps as compared to 3 fps obtained with the 
higher-acceleration cam shown on Fig. 2. 

Fig. 5 shows an enlarged section of the closing side of both 
types of cam, and it will be noted that the high acceleration 
deflects more at 2400 rpm whereas there is very little change 
in the low-acceleration type. 

All of the foregoing data were taken with the valve actually 
contacting the seat. 

Fig. 6 represents the closing part of the lift curve of another 
type of overhead valve, the data being taken with negative 
clearance so that the valve could not contact the seat, and it 
will be noted here that the curves follow the same general ten- 
dency, indicating that it is not all rebound due to the valve 
striking the seat but due to reaction of the parts. 

These curves are not shown with the primary thought of 
developing methods of overcoming false motion, but simply 
to illustrate the action that actually occurs under operating 
conditions and to which we believe can be attributed many 
of the failures that, at first glance, appear to be purely design 
or material failures of the valve proper. 

In addition to the original consideration given at the time 
of the layout and design study, there are always the variables 
that creep in during manufacture and operation. 

In all of the tests made and covered by the lift diagrams, the 
cams were made very close to the desired figures. There is 
always the possibility of the acceleration being increased due 
to incorrect grinding since the velocity varies as the difference 
in lift, and the acceleration (being the second derivative of 
the lift) will vary as the difference of the velocity per degree; 
and, consequently, a slight error in grinding, if the accelera- 
tions are already on the high side, will exaggerate the deflec- 
tions shown. 

A certain type of engine had been in service for some time 
with little or no difficulty when reports were received that the 





1See Journal of the Institution of Automobile Engineers, April, 1937, 
pp. 28-41: “Factors Influencing Wear of Valve Seats,’ by C. G. Williams. 
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Lift Curve of High 
Acceleration Cam 





Fig. |-—The dashed curve 
shows the deflection that 
takes place with a cam of 
high acceleration when run 
at high speed when com- 
pared with the lift at com- 
paratively low speed 
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valve steel of later engines was interior to the original. With 
very little knowledge of the complete design, the valve manu 
facturer was given the problem of solving the difficulty by at 
tempting to provide better material and heat-treatment, al 
though nothing could be found wrong with the original 
stock. The strength in this particular part was increased by a 
redesigned heavier section, but without overcoming the fail- 
ures. The situation was becoming rather serious when careful 
investigation disclosed the fact that slight modifications had 
been made in the engine proper which permitted somewhat 
higher operating speeds and, under these conditions, suf- 
ficient false motion was developed in the gear to stress the 
valve stem severely, resulting in a major failure. 

Attempts made to study the effect of seating velocity with 
respect to the valve and cylinder-seat life are ofttimes made 
extremely difficult due to the many variables entering into this 
problem. Tests made by ’C. G. Williams of the Institution of 
Automobile Engineers* indicated that, by doubling the seating 
velocity (from 1.2 to 2.4 fps), the rate of seat sinkage in- 
creased on the order of 8:1. These tests were made under 
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Fig. 2—The extent to which false motion is imparted to the 
valve with the high-acceleration cam of Fig. | is illustrated 
in this enlarged view of the closing side 
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Fig. 4—It will be noted from this enlarged section of the clos- 
ing event of Fig. 3 that the valve contacts the seat at very 
close to the desired velocity 


artificial conditions and are open to criticism, but are indica 
tive, we believe, of the effect of high seating velocities. 

To compensate for the variable clearance between tappet 
and valve under different operating conditions, the designer 
makes the cam with a so-called ramp that permits reduced 
velocities at the time of valve closure. The height of this ramp 
is accepted generally as being equivalent to the amount of 
clearance required under the conditions where this clearance 
is maximum. 

However, other variables affect the requirements and, to 
design properly for them, a formula has been worked out, 
taking into consideration the particular items that affect this 
condition. Fig. 7 illustrates this point, and it will be noted 
that, with certain designs, the required ramp to give cal- 
culated seating velocities must be considerably over that re 
quired for clearance take-up only. 

The relation of the valve to its seat is influenced by the 
amount of distortion that occurs in the port shape proper and 
also in the out-of-square condition that can exist between the 
seat and the valve guide, either due to valve-seat deck or guide 
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Fig. 3-—This lift curve 
is of ao cam with ap- 
proximately one-third 
the acceleration of that 
shown on Fig. | 
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Fig. 5—This enlarged section of the closing side of both 
types of cam brings out the higher deflection of the high- 
acceleration type 


change. Unequal stresses set up by mechanical as well as 
thermal loads can cause these distortions to occur, and the net 
result is the valve striking the higher side of the seat well up 
on the flank of the cam. 

A condition could exist where the velocity would far exceed 
that calculated and would be very difficult to detect. Assum- 
ing that the clearance allowed was 0.020 in. cold without al- 
lowance for the necessary addition required to take care of 
tipping that should be calculated according to formula on 
Fig. 7. (This, we will assume, would be 0.006 in.), during 
operation the relation between the guide and cylinder seat 
shifts to the extent that the result would be equivalent to an- 
other 0.004-in. clearance. Now, if the load were reduced so 
that the valve cooled and tended to increase its clearance, ap- 
proaching the cold condition, the valve would strike the seat 
at a point equivalent to 0.025 to 0.030 in. clearance. 

At this clearance it will be noted on Fig. 2 that the velocity 
is approximately 5.5 fps which would certainly be far beyond 
anything that the designer had allowed for. 

The result of out-of-squareness and high velocity is illus- 
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| Valve Motion at Closing Point 





160 on Over-head Valve Engine 
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Fig. 6 (left) —The closing part 
of the lift curve of an over- 
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trated clearly by the appearance of the valve seat shown at the 
top on Fig. 8. Here it*will be noted that the seat proper is 
worn and the material near the large diameter has been forced 
up to form a distinct chip. This formation could be traced 
directly to an out-of-square condition where the valve was 
striking the cylinder seat at a slight angle with relatively high 
velocity and the material of the cylinder seat, being somewhat 
harder at operating temperature than the valve seat, causing 
progressive wear and chip-forming action. 

The lower picture shows another form of seat wear that 
can occur with seating at high velocity, with some turning 
occurring at the time of contact. Of course, the condition of 
operation must be such that there is some form of an abrasive 
at the contacting surfaces. 

The clearance between the valve and its cam should, under 
all conditions of load, speed, and temperature, be maintained 
as closely as possible to the desired figure and, since operating 
conditions vary over an extremely wide range, this relation- 
ship has been the inspiration for many ingenious designs to 
afford compensation. To illustrate the wide variables that 
are met, two curves are shown on Fig. 9g which more or less 
cover the two extreme cases encountered. 

The “automotive” curve is typical of the type where the 
valve stem is increasing the distance between its seat and at- 
tendant parts faster than any compensation that might come 
from shift of rocker-arm fulcrum, pushrod expansion, or, in 
the case of the L-head, faster than the growth of the cylinder. 
The net result is a decrease in clearance from cold to hot 
operation. 

The “aircraft” curve is the other extreme often encountered 
in air-cooled engines where the rocker-arm fulcrum changes 
location at a greater rate than other parts, resulting in close 
clearance cold, and wide clearance under hot operating condi- 
tions. 

There are many designs and all sorts of compensations and 
changes under the varying operating conditions. Obviously 
it is extremely difficult to say the valve is always going to seat 
with a definite known velocity unless very careful measure- 
ments are made under all of the conditions of load, speed, 
temperature, and other variations that can occur, and proper 
allowance made in the camshaft ramp. These measurements 
at best are difficult to take, and I believe that we are safe in 
saying that we are very doubtful if any manufacturer has 
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Fig. 7 (below)-The 
derivation of the for- 
mula for cam ramp is 
illustrated in this figure 
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complete data on this particular item, and by “complete data” 
I mean those covering the full range of temperature, speed, 
and load that are encountered in service in addition to the 
variations that exist from one cylinder to the next. 

With the foregoing in mind, it seems to be the logical point 
to mention the hydraulic valve lifters. Although there has 
been considerable published on this subject, a brief description 
should not be amiss. The sketch, Fig. 10, shows schematically 
how this compensation is accomplished. 

A constant supply of oil from the engine pressure lubri- 
cating system is fed to the lifter supply chamber. When the 
lifter is on the cam circle, the light spring lifts the plunger 
until it contacts the valve stem or pushrod, as the case might 
be, this action taking up all the clearance between the cam and 
the valve proper. As the plunger lifts, oil is forced into the 
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compression chamber past the check ball. When the cam 
starts to lift, the plunger builds up pressure in the compres 
sion chamber, forcing the ball to seat, and the valve is then 
lifted on a column of oil. During the lift period a prede 
termined slight leakage occurs between the plunger and 
cylinder bore. If no change has occurred in the distance be 
tween the valve seat and cam, this small amount is replaced 
before the valve lifts again. However, if, for example, the 
valve has expanded then the refill occurs only to the extent 
to cause zero clearance, and the plunger is at a lower position 
compensating for the decrease in the overall length. The 
forces existing to hold the valve off its seat are the plunger 
spring and the oil pressure acting on the plunger, the sum of 
both being much less than the valve-closed spring load. 

With this maintenance of no clearance, it is obvious that 
the valve motion — provided there is no false motion — is 
always going to follow the cam contour and assure the de 
signer that the seating velocities are fixed as originally in- 
tended. In addition to this factor, the timing must remain 
constant since the tappet or roller, as the case might be, will 
lift the valve at the exact point and not have to take up clear 
ance before lifting or closing the valves. 

With fixed timing point, more latitude can be taken with 
the cam design, resulting in obtaining a better lift profile, that 
is, more lift at a given crank angle with consequent better 
filling or scavenging without 
resorting to high acceleration 
with its attendant evils of high 
loads, causing deflections, and 
so on. 


One extremely important fac 





tor that we can only discuss at 
this time from the theoretical 
but extremely practical view 
point is the elimination of wide 
overlaps existing between cold 
starting conditions and full 
throttle operation in the radial 
air-cooled engine with pushrod 
operated valve mechanism. Fig. 
11 represents the relation be- 
tween inlet-valve opening and 
exhaust closing of the type en- 
gine that has the clearance 
change illustrated as “aircraft” 
in Fig. g at idling or cold con 
ditions. When the inlet has 
opened an appreciable amount, 
it will be noted that the exhaust 
valve is still at a point of con 
siderable lift which obviously 
will affect the operation of the 
engine. This means that the 
designer laying out the timing 
must necessarily compromise as 





he is never sure just where the 
valve is going to start to open 
or close: consequently some sac- 
rifice is made on the cam pro- 
file to accommodate the wide 


2See Proceedings of the Institution 
of Automobile Engineers, Vol. 14, 
1920, p. 39: “Valve Failures and 
Valve Steels in Internal-Combustion 
Engines,” by Leslie Aitchison. 

®See “Engineering Requirements in 
the Automotive Industry for Metals 
Operating at High Temperatures,” by 
A. L. Boegehold and J. B. Johnson, 
joint ASME and ASTM symposium 


on metals at high temperature, June 
23, 1931. 
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angles necessary to cover an extremely wide range of clearance 
allowance. 
Valves 

Valve-material requirements have been studied since the 
introduction of the poppet-valve type of engine, and all of the 
authors in their conclusions are unanimous regarding the 
characteristics required as far as temperature effects are con 
cerned. Dr. Leslie Aitchison, in a paper presented to the In- 
stitution of Automobile Engineers in 1920, stated a number 
of requirements that a valve steel should possess, several of 
which are as follows: 

1. The greatest possible strength at high temperatures. 

2. The highest possible notched-bar value at high tempera- 
tures. A 

3. The least possible tendency to scale and, it scaling does 
occur, the scale should be as adherent as possible. 

4. The ability to retain its original physical properties after 
frequent heatings to high temperatures followed by cooling 
to normal temperatures, also after being heated to an elevated 
temperature for a considerable length of time. 

5- No liability to harden when cooled in air from the tem- 
perature which it will attain when used normally as a valve 
on an engine. 

In 1931, A. L. Boegehold and J. B. Johnson* suggested, as 
outstanding requirements: 
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HIGH SEATING VELOCITY AND OUT-OF-SQUARE 
CYLINDER SEAT 





HIGH SEATING VELOCITY WITH SPIN 


Fig. 8-The result of out-of-squareness and high velocity is illustrated by the appearance of 


the upper and lower valve seats 
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Fig. 9—The two curves illustrate the two extreme cases en- 
countered in the variation in clearance between the valve and 
its cam 


1. The physical properties at room temperature shall not be 
affected by repeated heating to 1600 F (870 C) and cooling 
in air. 

2. The material shall not warp or become brittle at any 
temperature between room temperature and 1600 F (870 C). 

3. The tensile strength at 1600 F (870 C) shall not be less 
than 25,000 lb (11 tons) per sq in. 

4. The tip hardness at room temperature shall not be less 
than 75 scleroscope. 

5. The stem and head hardness shall not be less than Rock- 
welk C-52. 

6. The Izod value at room temperature shall not be less 
than 10 and, between 1000 F (540 C) and 1600 F (870 C), 
it shall not be less than 25. 

7. The steel shall not corrode in air or in the presence of 





“Hot Hardness Data,”’ courtesy S. D. Heron and O. E. Harder. 
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Fig. 11—This relation between inlet-valve opening and ex- 
haust closing has the clearance change illustrated as “air- 
craft" at idling or cold conditions 
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exhaust gases or condensed products formed by the combus- 
tion of gasoline containing ro cc per gal of tetraethyl lead 
ethyl-dibromide at any temperature below 1600 F (870 C). 

No attempt is made to add or detract, or even criticize this 
list, it being quoted to bring out the fact that, in five of the 
seven requirements, “high temperature” is stressed. Since 
this factor is so predominating and is the cause of the ma 
jority of difficulties, it seems only logical that any progress that 
can be made to reduce temperatures will aid in bringing out- 
standing results. 

The data presented in Fig. 12 are a graphical representation 
showing the effect temperature has on the ultimate strength 
and hot hardness* of two typical valve steels. The relative 
values of ultimate strength and hot hardness chosen for this 
particular plot are based on the more or less approximate 
relationship between Brinell hardness and ultimate strength, 
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Fig. 10-The sketch 
shows schematically 
how the hydraulic lifter 
accomplishes its com- 
pensation 
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namely, multiplying Brinell hardness by 500 gives a rough 
approximation of the ultimate strength. 

Curve A is the strength of a widely used hardenable steel 
and B is that of a typical austenitic type. These curves clearly 
illustrate the desirability of reducing temperatures from the 
viewpoint of improvement in the strength factor; as, for ex 
ample, a reduction from 1400 to 1100 F increases the ultimate 
strength from 10,000 to 43,000 lb per sq in. 
austenitic type follows the same trend. 

These data also bring out the relative difference between 
the hardenable and austenitic types of steel as far as hardness 
is concerned at high temperatures. The hot hardness data in 
dicate there is a distinct relationship between it and the ulti 
mate strength and illustrate clearly the fallacy of using room 
temperature hardness figures as criteria of high-temperature 
operation. The hardenable types generally average 14, to 


Likewise, the 


2, times the hardness of the austenitics at room temperature 
whereas, as the temperature reaches the red zone the austen 
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itic is definitely superior to the hardenable type and, trom 
1000 F up, it is approximately double. This condition again 
points to the value of reduced temperatures. 

The fatigue value under alternating bending stress appears 
to be somewhat proportional to the ultimate strength, and it 
is this value that is of the utmost importance in valve life. 
One of the major causes of complete failure is bending of 
that section of the stem where it blends into the under-the- 
head radius. Fig. 13 illustrates a typical fatigue failure due 
to alternate bending of the valve head with relation to the 
stem and, while the basic cause may have been so severe that 
regardless of the type steel used, failure would occur, it “is 
conceivable that, by increasing the fatigue strength by re- 
duced temperatures, a definite improvement could be made. 

Specimen 1 on Fig. 13 indicates that the bending was mostly 
one way, with a small residuent zone. Cracks perpendicular 
to the “annual rings” indicate that, at some time during opera 
tion, they were borderlines, showing that the load must have 
been in the other direction and that the part had been stressed 
intermittently. During the stop periods the stress concentra- 
tion in the impending cracks may have been relieved by plas- 
tic deformation. 

Specimen 2 shows bending under rotation, stressed on all 
fibers. This piece was over-stressed, and it will be noted that 
the residuent zone is of considerably greater area than that of 
Specimen 1, but both are products of the same basic cause, 
namely, excessive distortion between the head and stem of the 
valve. 

Corrosion resistance increases quite rapidly with tempera 
ture reduction, and it requires no argument to show that re- 
duction in temperature would be of very great importance in 
reducing this type of attack. 

In consideration of these advantages, it is obvious that any 





5See ‘“‘Flexible Exhaust-Valve Seats,’ by S. D. Heron and A. L 
presented at the National 
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Fig. 12-—The curves represent graphically the effect of tem- 
perature on the ultimate strength and hot hardness of two 
typical valve stools 
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TYPICAL FATIGUE FAILURE 
OF VALVE STEMS 


Fig. 13—These typical valve fatigue failures are due to 
alternate bending of the valve head with relation to the stem 


steps that can be taken to improve cooling would be of mate 
rial benefit. Ofttimes too great an emphasis is placed on the 
value of cooling the valve only, without due regard to the 
consideration that should be given to the guide boss and its 
cooling. The amount of heat that can be transmitted through 
the seat varies considerably and is subjected to so many differ 
ent conditions that any data would be applicable only to a 
particular set-up. However, if the stem cooling is inadequate, 
the seat cooling is very ineffective in that the major portion 
of the valve head and stem will still attain high temperatures. 

Fig. 14 illustrates the benefit of carrying the guide-boss 
cooling as close to the valve seat as possible, consistent with 
the gas-flow through the port. It will be noted that, in both 
designs, the seat is reasonably cool, yet the portion of the valve 
requiring the highest resistance to corrosion, maximum 
strength, and so on—to say nothing of the effect of the mass 
of hot metal on combustion and volumetric efficiency — is up 
in the zone of reasonably high temperatures when the stem is 
cooled poorly. 

That the internally cooled valves have made possible the 
present high-output engines is a well-known fact, and the 
present trend is to develop cooling to the maximum amount 
permissible. This trend is in the direction of increasing the 
internal area exposed to the coolant, with larger so-called 
cavities in the head as compared to the straight-hole type. 

Where the port design is such that considerable distortion 
takes place, attempts have been made to incorporate some 
flexibility in the valve head by reduced sections which in 
herently prevent taking advantage of the maximum amount 
of cooling that is available with the hollow-head type of valve. 
If the design of the head cannot be modified to overcome the 
distortion, it would seem more logical to make use of the so 
called “flexible” type of seat ring insert.® 

Comparative tests of the straight-hole versus the hollow- 
head type of internally cooled valves indicate a marked reduc- 
tion in operating temperatures as shown on Fig. 15. It is 
interesting to note how closely the present type of high-output 
exhaust valve follows the requirements previously mentioned. 

The physical properties at high temperature, resistance to 
warpage and brittleness, corrosion resistance, and so on, are 
obtained by the use of the high-chromium, high-nickel auste- 
nitic classes of steel. The seat proper, being faced with Stellite, 
resists both wear and corrosion. The stem life has been in- 
creased by nitriding the wearing portion, although this item 
should be given careful consideration in respect to the operat- 
ing conditions as affected by lubrication, and so on, as nitrid- 
ing the austenitic steels greatly reduces their resistance to cold 
corrosion resulting from the condensation of the products of 
combustion. The tip life has been increased to a marked 
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degree by applying a material that will harden and produce 
a good wear-resistant surface. However, in spite of all the 
precautions taken, valve-seat burning can and will occur if it 
is operating against, first, unsuitable material or, second, in 
cylinder seats that distort to the extent that leakage can occur 
under severe operating conditions. 


Seat Inserts 

The major factors in the development of suitable inserts, or 
seat rings, have been: 

1. Proper material to resist corrosion, or what is commonly 
called “seat sinkage.” 

2. The ability of the seat ring to remain an integral part of 
the cylinder head into which it is fitted. 

Measurement of the temperatures of a seat ring installed in 
cast iron indicated that the seat ring operated at an average 
temperature approximately 150 F higher than the adjacent 
cylinder material and, since it is believed this is a representa- 
tive differential, the ideal ring material from the viewpoint of 
its ability to remain tight would be that which has an expan- 
sion coefficient less than the material into which it is fitted, by 
the amount that would be equivalent to the differential in 
average temperature so that the stresses developed do not 
vary to a great degree from those set up by the original room- 
temperature interference fit. 

There exists a temperature gradient through the ring, it 
being maximum at the seat and tapering down as it ap- 
proaches the bottom. If the temperature is sufficiently high, 
thermal strains are set up which tend to overstress the section 
nearest the seat, causing it to take a permanent set. If the 
depth is sufficient, there still remains a considerable portion 
of the ring that is not overstressed, and it will maintain its 
original interference fit, whereas the section near the seat 
might reduce sufficiently in diameter to lose its original tight- 
ness. In addition to thermal strains set up by temperature 
differentials, there is always the possibility of distortion of the 
counterbore from both mechanical and thermal distortion and, 
without consideration of these factors, it is doubtful if a ring 
of any type can be kept in its proper position. 

The method of installation is quite variable, but we be- 
lieve that the simplest form of construction ofttimes gives the 
best results and, in the case of seat rings, the plain straight- 
ground ring, shrunk in with the proper interference fit at 
room temperature, gives the most satisfactory results — par- 
ticularly where the face of the ring is left slightly below the 
counterbore so as not to expose any of the outside diameter of 
the ring to the flame. 

The ability of the material to resist corrosion or seat sinkage 
appears to be correlated to the valve difficulties in that mate- 
rials that resist oxidation and corrosion when used in valves 
appear to do likewise when used as a seat-ring facing. 






VALVE & GUIDE COLOR 
AT 2200 RPM. FULL LOAD 


_ BLACK 
\ 

“DULL RED 
~ BLACK 


—_— Fig. 14-—This figure il- 


lustrates the benefit of 

carrying the guide-boss 

—— ho — BLACK cooling as close to the 
ER THROTTLE 1S : 

ssibl 

car On teak valve seat as possible 


6 SECONDS REQUIRED FOR 


Aluminum-bronze has been and is still used to a consider- 
able extent but, as outputs and consequent temperatures, dis- 
tortion, and so on, increase, it is very likely to cause difficulties 
and, where this trouble has occurred, the aluminum-bronze 
has been replaced by an austenitic type of steel. 

Apparently the conductivity of the seat ring material is not 
of prime importance since the austenitic steel has a lower 
thermal conductivity than aluminum-bronze and overcomes 
difficulties that have caused failure with the aluminum-bronze 
type. 

In some engines it has been found necessary to go a step 
further and apply a Stellite facing to the backing material, as 
Stellite has the necessary characteristics that make it one of 
the most pronounced materials as far as resistance to this so- 
called seat sinkage is concerned — this condition probably being 
due to its inherent stainless qualities in addition to its ability 
to maintain hardness at elevated temperatures. 
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Fig. 15—Comparative tests of the straight-hole versus the 
hollow-head type of internally cooled valves indicate a marked 
reduction in operating temperatures with the latter type 











Duration of Combustion 1n a 
ommercial Diesel Engine 


By A. F. 


Robertson, R. A. Rose, and G. C. Wilson 


Department of Steam and Gas Engineering, University of Wisconsin 


OT only does a high-cetane diesel fuel start 

to burn earlier in the cycle due to its shorter 
ignition-lag period, but it continues to burn longer 
during the expansion stroke than does a low- 
cetane fuel, the authors announce. This and 
other findings, they explain, are the results of an 
investigation of the effect of fuel quality and in- 
jection advance angle on ignition lag and combus- 
tion duration in a 4-cycle high-turbulence diesel 
engine. The same photo-electric combustion in- 
dicator, developed at the University of Wisconsin, 
was used, they point out, as was described pre- 
viously before the Society, with the exception of 
several mogeoenunant. Combustion characteris- 
tics of 27 different fuels were determined by 
studying the oscillograms for more than 5000 en- 
gine cycles obtained at a film speed of 60 fps. 


From dynamometer tests run both on 1-cyl and 
6-cyl 4-cycle diesel engines, fuel rates were ob- 
tained from six different fuels varying in cetane 
number from 25 to 87. 


A comparison of the test data from an open- 
head engine with that obtained from the separate- 
chamber type shows that the high turbulence in 
the latter engine had no direct effect on ignition 
lag, they report, although it is noted that greater 
heat losses due to turbulence caused slight changes 
in the shape of the ignition-lag curves. 


UMEROUS studies of diesel-engine combustion have 
been made in recent years, both in this Country and 
abroad. Most of the experimental work of this nature 
has been conducted with equipment in the form of explosion 
bombs and special test engines designed exclusively for the 
purpose. Such tests have established important relationships 
for combustion occurring under the more or less restricted 
conditions inherent in the apparatus and methods used. In- 





[This paper was presented at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 13, 1939 

1 See’ S.A.E. Transactions, Vol. 31, November, 1936, pp. 459-468: 
“Photo-electric Combustion Analysis,” by R. A. Rose, G. C. Wilson, and 
R. R. Benedict. 

2See S.A.E. Transactions, Vol. 32, August, 1937, pp. 343-348: “‘Be- 
havior of High and Low-Cetane Diesel Fuels,” by G. C. Wilson and 
. A. Rose. 
March, 1939 


117 


asmuch as such conditions differ in some respects trom those 
encountered in the normal operation of commercial engines, 
it has seemed desirable to investigate the practical applica- 
bility of the results to actual engine operation, and to make a 
detailed study of the combustion process as it actually occurs 
in a commercial type of diesel engine. 


Apparatus 

In any study of diesel combustion the apparatus used for 
recording data, of necessity, must be amenable to very rapid 
action without impairment of its accuracy. This characteristic 
is an outstanding feature of the photo-electric combustion in- 
dicator which has been developed at the University of Wiscon- 
sin. The indicator uses photo-electric pickup units, the im- 
pulses being reproduced on three cathode-ray oscillograph 
tubes and photographed at high film speed. A complete de- 
scription of the indicator has been given in previous papers’: *. 

In previous tests with the combustion indicator the film 
drum was synchronized with the engine by means of a strobo- 
scope, which method entailed careful adjustment of both en- 
gine and drum speeds. In order to eliminate this inconven- 
ience, the drum was connected to a 1200-rpm synchronous 
motor. In addition to providing a fixed time base for all 
diagrams, this arrangement also furnishes an accurate method 
for determining the engine speed by means of measurements 
of diagram displacements from cycle to cycle. Thus all dia- 
gram measurements and calculations become independent of 
personal observations. 

Another improvement has been made in the apparatus by 
incorporating a new top dead-center (TDC) indicator. This 
new indicator has several unique features which are shown 
in Fig. 1. The breaker (B) which is driven by the engine 
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camshaft serves to energize the spark coil (C) a tew degrees 
before TDC. The output of this coil, passing through the 
rectifier (R), charges the small condenser (K). There are 
two knife edges (G), one rotating with the rim of the fly- 
wheel and the other stationary. These two knife edges line 
up exactly at TDC. They are in series with the condenser 
(K) and a small spark plug (P) which is in position to be 
photographed simultaneously with the impulses produced on 
the cathode-ray tubes. Careful tests have shown that this 
device is very reliable in operation and indicates the TDC 
position with a degree of accuracy corresponding to less than 
one-fourth of a degree of engine crank travel. 

The engine used for the combustion studies is shown in 
Fig. 2. It is a standard, 1-cyl, 4-cycle diesel engine as manu- 
factured by Fairbanks, Morse & Co., before July, 1937. The 
cylinder dimensions are 4% x 6 in., and the rating is ro hp 
at 1200 rpm. Fig. 3 shows the arrangement of the high 
turbulence separate chamber and the location of the two 
quartz windows. 
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Fig. 2—The engine used for 

the combustion studies is a 

standard I-cyl, 4-cycle diesel 

of 10 hp at 1200 rpm man- 

ufactured by Fairbanks, Morse 
Co. 





The separate-chamber window is located in the conventional 
starter-plug opening where adequate area is available to permit 
the passage of a large amount of light. Finding a satisfactory 
location for the main-chamber window was a more difficult 
task because of the various passages cored in the head. The 
location selected was the only one possible without altering 
the engine to an extent that might affect its performance. 

To provide for tests with very early injection, a special 
camshaft was constructed and used to extend the fuel-injection 
timing range from 26 to 48 deg before TDC. Both the fuel 
injection pump and the nozzle are standard Bosch equipment 
(Pump No. APE1B60A00/573, with an 8-deg pintle-type 
nozzle No. DN8Sr). 


Test Conditions 
During the tests for ignition lag and combustion duration 
the following engine conditions were maintained: 
Air-fuel ratio 
Speed 


Held constant for each load 
1245 = 1o rpm 

Cooling water outlet in0o+ 5F 

Injection pressure 


1400 |b per sq in. 
Compression ratio 


14'A4:1 

One series of tests was made at approximately three-tourths 
load (7.7 bhp) and another series at about full load (10.7 
bhp). The time of fuel injection was varied over the crank- 
angle range from 48 to 3 deg before TDC. 

It was considered important to hold the air-fuel ratio con 
stant. For this purpose a calibrated injection pump was used, 
with an adjustment to provide for the injection of a constant 
weight of fuel irrespective of differences in the API gravity 
of the various fuels used. With a constant weight of fuel 
injected, it was inevitable that the horsepower output would 
vary slightly. With very few exceptions, the horsepower out 
put reached a maximum when the timing of injection oc 
curred at or near 12 deg before TDC. 

In order to ascertain the effect and importance of small 
variations in engine speed, load, and cooling-water tempera- 
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ture, tests were run in which each of these factors was varied 
independently. These tests showed that small variations in 
the foregoing factors, such as occurred unavoidably during 
the combustion tests of different fuels, are of minor conse- 
quence. 

It is interesting to note that very little change in the ignition 
lag occurred when the load was varied from zero to full load. 
The small difference is accounted for readily by the variation 
in cylinder-wall temperature which increases as the load is 
increased. This finding is in agreement with the results of 
constant-volume bomb tests reported by Selden’*. 

During the preliminary tests the cooling-water temperature 
was varied from 130 to 190 F. Although there was a slight 
reduction in ignition lag and an increase in combustion dura- 
tion accompanying the increase in water temperature, the 
change in these factors was not as great as the spread of points 
at a given temperature. 


Test Procedure 


In all tests during which the injection-advance angle was 
varied the air-fuel ratio was held constant at one of two values. 
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Fig. 4 


This procedure was accomplished by setting the stop on the 
calibrated fuel-injection pump to correspond to the API 
gravity of the fuel under test. 

Before any test was started, the engine was warmed up at 
three-fourths load for at least 45 min. At the end of this 
period the stop on the fuel-injection pump was set, the win 
dows were cleaned, the test fuel was supplied to the engine, 
the injection-timing lever was set at the desired position, and 
the engine load was adjusted until the speed was steady at 
1245 rpm. The engine was then run until the exhaust tem 
perature reached a constant value. Two pictures, with their 
corresponding data, were then taken at intervals of about one 
minute. The timing lever was then reset at a new position, 
and the test routine repeated until the whole range of injection 
angles had been covered. 

Whenever there was any indication that the combustion 
chamber windows were becoming obscured with soot, they 
were replaced immediately with clean ones. The frequency 
of changing varied with the fuel under test and ranged from 
at least twice to as many as six times during each test. period 
of about 45 min. 

The fuel rate was measured during each test. When re 
duced to a time-rate basis, the fuel consumption determination 
served as a check on the accuracy of the injection-pump ad 
justment. 





®See NACA Technical Report No. 617, 1938: ‘“‘Auto-Ignition and Com- 
bustion of Diesel Fuel in a Constant-Volume Bomb,” by R. F. Selden. 
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After the films were developed, 10 or more oscillograms 
were marked carefully for each injection setting. These dia 
grams were then measured accurately for injection-advance 
angle, ignition lag, combustion duration, and engine speed. 

All of these data were tabulated and plotted for each fuel 
tested. Figs. 4 and 5 show actual engine data in plotted form 
for Fuel No. 16. Points were plotted for 10 different engine 
cycles at each injection setting. Although the data for ignition 
lag are fairly consistent, it will be noticed that combustion 
duration varies appreciably from cycle to cycle. These typical 
curves have been included to illustrate the problems encoun- 
tered in drawing combustion characteristic curves, and to show 
the necessity for studying a great number of cycles in order to 
determine average performance with a reasonable degree of 
certainty. All of the combustion and ignition-lag curves pre- 
sented in this paper have been established in this painstaking 
manner and are intended to represent average behavior. 


Test Results and Discussion 


In order to clarify the discussion it seems advisable to state 
the meaning of certain terms used: in this paper. 

“Ignition lag” may be defined as the time interval from 
the start of fuel injection to the start of combustion, the latter 
being indicated by the beginning of radiation in the combus- 
tion chamber. Ignition lag is followed by “original burning” 
which takes place during a period of time equal to the dura- 
tion of fuel injection. “After-burning” is the continuation of 
the combustion process and is measured by the time interval 
from the end of the original-burning period until the disap- 
pearance of all radiation from the combustion chamber. There 
is evidence that the combustion of the major portion of the 
fuel occurs during the original-burning period, so it is prob- 
able that the amount of fuel involved in the after-burning is 
relatively small. It will be seen that “combustion duration,” 
as shown on curves accompanying this paper, is equal to the 
sum of the original burning and the after-burning periods. 

Ignition-lag curves are shown in,Fig. 6 as determined at 
three-fourths load for seven different fuels. These fuels were 
selected from the 27 for which data are given in Table 1, to 
cover a wide range of cetane numbers but with all other 
characteristics as nearly identical as possible. 

The curves in Fig. 6 show the variation in ignition lag with 
change in injection timing to be comparable with results ob- 
tained with an open-head special test engine, as reported in 
a previous paper. (Reference No. 2, Fig. 7.) Attention is 
called to the fact that, although the curves for all of the fuels 
tested in the open-head engine seem to approach a minimum 
lag of 1 millisec, the minimum ignition lags shown in Fig. 6 
of this paper vary with the fuel from about 1 millisec to about 
2.4 millisec. This difference may be explained partly by the 
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fact that the compression ratio in the high-turbulence engine 
was considerably lower than that in the open-head engine. In 
addition, the extra cooling enhanced by the high rate of air 
swirl in the turbulence engine augmented the heat losses and 
reduced still further the effective compression in that engine. 

The slanting lines in Fig. 6 have been drawn with a slope 
such that the horizontal and vertical increments represent the 
same period of time. For example, with the engine running 
1245 rpm, the crankshaft makes one revolution of 360 deg in 
0.048 sec, or 15 deg in 2 millisec. Hence, if a fuel (No. 16-56) 
has an ignition lag of 2 millisec and it is desired to inject it 
so that it will start burning at 10 deg before TDC, follow the 
sloping 10-deg line upward to the intersection with the 2-mil- 
lisec ignition-lag line. This intersecting point indicates that 
the fuel must be injected 2 millisec or 15 deg before the time 
that it is to start burning, or 25 deg before TDC. With no 
ignition lag the fuel-injection angle and the beginning-of- 
combustion angle would be the same. It then becomes appar- 
ent that, for any fuel-injection timing and ignition lag repre- 
sented in Fig. 6, the slanting lines indicate the crank angle at 
which combustion will start. These slanting lines may be 
called “waiting-period” lines because from them can be deter- 
mined the number of degrees through which the crankshaft 
rotates while the fuel is waiting to ignite. 

The line A-A has been drawn from TDC with twice the 
slope of the waiting-period lines so that the horizontal axis 
(degrees of crank travel) subtended by any distance from 
TDC to the line A-A will be only one-half the ignition-lag 
period. Thus it becomes obvious that any fuel injected so 
that its ignition lag plots on the line 4-4 will have the lag 
period equally distributed on both sides of TDC. In such a 
case it might be expected that pressure and temperature con- 
ditions would be most favorable for a minimum ignition lag. 
However, it will be observed that the broken line B-B, which 


has been drawn through the minimum ignition lags for the 
various fuels, lies at a constant crank angle of about 3 deg 
ahead of line A-A. This condition tends to indicate that the 
compression heat losses have overtaken the rate of heat addi- 
tion at about 3 deg before TDC. If it is true that the com- 
pression temperature and pressure become a maximum in this 
engine at this point, an explanation is provided for the fact 
that the ignition-lag curves reach a minimum along the 
broken line B-B. 

Furthermore, the location of the broken line B-B explains 
why, as the fuel-injection timing is retarded, a fuel having a 
low cetane number will pass through the point of minimum 
ignition lag at an earlier injection angle than does a better 
fuel. 

Even though the ignition-lag curves for the commercial 
type engine do not indicate a common minimum ignition lag 
like those shown previously for the open-head engine, funda- 
mentally the curves are all of the same general type. Also, it 
is evident that the lower compression ratio and probably the 
higher turbulence of the commercial-type engine caused an 
increase in ignition lag. Since it is known that high tem- 
perature and high pressure are the most important factors for 
reducing ignition lag, it seems reasonable to suppose that the 
greater heat losses due to high turbulence would have caused 
a longer ignition lag. 

Combustion-duration curves are shown in Figs. 7 and 8 for 
the same load and the same fuels as represented in Fig. 6. 
The curves of Fig. 8 were derived from those of Figs. 6 and 7 
it: such a manner that the horizontal axis shows the position 
of the engine crank at the start of combustion. The time for 
complete fuel injection at three-fourths load was found to be 
3 millisec, and this is the amount of time allowed for the 
original-burning period. Correspondingly, a horizontal line 


has been drawn at 3 millisec on Figs. 7 and 8 to separate the 
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original-burning period from the after-burning period. Slant- engine crank, after TDC, at which the combustion is com 
ing lines have been added to Fig. 8, as in Fig. 6, in order to _ pleted for any point on any of the curves. Note that, if com- 
provide a convenient scale for determining the position of the — bustion starts at 8 deg before TDC and burning continues for 
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16.4 millisec (16.4 X 7.5 deg = 123 deg), burning will still 
be in progress when the exhaust valve opens at 115 deg 
(123 — 8 deg) after TDC. 

Since ignition lag (Fig. 6) and combustion duration 
(Fig. 7) have each been plotted against fuel-injection timing, 
it is possible to plot combustion duration against ignition lag. 
This relation is shown in Fig. g. In this connection it should 
be kept in mind that ignition lag for each fuel was varied by 

#See S.A.E. Transactions, Vol. 27, July, 1932, pp. 283-293: “Ignition 


Quality of Diesel Fuels as Expressed in Cetene Numbers,” by G. D. 
Boerlage and J. J. Broeze. 





| 


COMPARISON OF COMBUSTION DURATION CURVES 
FOR 
6 DIESEL FUELS 
AT 2 ENGINE LOADS 
FUEL NUMBER ANO CETANE RATING 
STATED 40-87 INDICATES 
FUEL NO. 40,CETANE NO.87 

































































10.7 BHP 
7.7 BE ——— 
.>) 
vy 
” 
° 
350 2 eee ee 
> a ie 
cp 29-7 — ~ 
° 
e 
« 
= 
2 33-00 lt 
16 
Fd et 37-49 wal 
rf Pj ee y 
3 —_ 3-601y, sf 
nee ” 
z 1 < 
. 7s, 
“Av . i 
~ ~ 
mak ™ 
, itn. 2-74 b ~~ 
~ Sj, 
8 — 37-49 — 
38-39 
i -—— 
_— A ot el = z 
4 a 
{ 
ORIGINAL -BURNING ORIGINAL — BURNING 
PERIOD 7.7 BHP PERIOD 10.7 BHP 
° ee [ 
3% 20 10 ° 
INJECTION ADVANCE ANGLE IN DEGREES BEFORE TOC 


Fig. 10 


changing the time of fuel injection, and that the longer igni- 
tion-lag periods were accompanied by earlier fuel injection. 

As yet, no satisfactory explanation has been found to ac 
count for all the peculiar changes in shape of the curves shown 
in Figs. 7, 8, and 9. However, there are several interest- 
ing characteristics indicated by these curves which warrant 
consideration. 

The general shape of the combustion-duration curves 
(Fig. 7) for three-fourths load show the following effects of 
varying the angle of fuel injection: 

1. With very early fuel injection the combustion-duration 
period is fairly uniform. It is roughly equivalent to twice the 
original-burning period. 

2. Retarding the time of fuel injection from the very early 
period causes a rapid increase in after-burning until a maxi- 
mum burning period is experienced at a fuel-injection angle 
of about 25 deg before TDC. 

3. Retarding the time of fuel injection still more results in 
an appreciable decrease in combustion duration. 

It will be noticed that high-cetane fuels show a general 
tendency towards greater after-burning than do low-cetane 
fuels. Fig. 7 shows that, although the maximum combustion 
duration occurs at approximately the same injection angle for 
all fuels, the beginning of the rise to the maximum value 
occurs at later fuel injection for low-cetane fuels than for 
high-cetane fuels. 

Boerlage and Broeze* have stated that it is undesirable to 
expose the fuel very suddenly, and in a badly vaporized con 
dition, to flame temperature. Fig. g seems to furnish conclu- 
sive evidence in support of this statement. Note that the 
turning point for each one of the fuels coincides with an 
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ignition lag of about 3 millisec, the duration of fuel injection. 
As the ignition lag decreases below 3 millisec for later fuel 
injection timing, more and more of the fuel is injected into a 
burning mixture. Dr. Rothrock also found that the combus 
tion period is much shorter when the fuel is injected at 30 deg 
before TDC than it is when injection occurs at 10 deg before 
TDC.” 

The long burning period resulting from injecting fuel into 
a burning mixture must be due, partially, to the interference 
or screening effect of the burned gases in preventing the ready 
union of fuel and oxygen. 

The foregoing discussion accounts for the increase in the 
combustion-duration period as the fuel-injection angle is re 
tarded and more of the fuel is injected into a burning mix 
ture, as revealed in Figs. 7 and g. However, the burning 
period becomes a maximum at about 25 deg before TDC, 
then decreases as the fuel injection is retarded and the ignition 
lag approaches a minimum. It would seem that the effect of 
the transfer of the burning mixture from the separate chamber 
to the cylinder during the original-burning period serves to 
increase the utility of the air in the cylinder. 

It is interesting to note that, as the timing of fuel injection 
was advanced from the normal setting (12 deg before TDC) 
the combustion noise increased rapidly until a minimum com 
bustion duration occurred with an ignition lag of about 3 
millisec. At this minimum point the knocking was extremely 
violent with every fuel tested. Earlier injection with longer 
ignition lags caused no noticeable change in knock intensity. 
On the other hand, when retarding the timing of fuel injec 
tion from 25 deg before TDC, the knock gradually decreased, 
and became a minimum with very late injection. With fuel 
injection near the normal timing (12 deg before TDC), it was 
noticeable that the higher the cetane number of the fuel, the 
more quietly the engine operated. 

From the foregoing discussion it is apparent that the com 
bustion duration is very short for all fuels when they are 
injected so early that the ignition lag exceeds 3 millisec. Under 
these conditions, during the tests, violent combustion shock 
was noted. As the ignition lag was reduced from 3 to 1 
millisec, there was a gradual transition from rough to smooth 
engine operation. This observation agrees with the results 
obtained with the special test engine.* 

The shorter ignition-lag period of high-cetane fuel causes 
it to burn earlier in the cycle, as shown in Fig. 8. Moreover, 
it continues to burn longer during the expansion stroke than 


5 See NACA Technical Report No. 429, 1932: “The NACA Apparatus 
for Studying the Formation and Combustion of Fuel Sprays and the 
Results from Preliminary Tests,” by A. M. Rothrock. 


FUEL CETANE NUMBER 


Fig. 14 


does a low-cetane fuel. Two reasons for this condition can be 
stated: 

1. For the high-cetane fuel, the slow-burning nature of the 
combustible in the engine during the expansion period causes 
more after-burning. 

2. For the low-cetane fuel, the flame may be extinguished 
before combustion is completed. 

This chilling action during expansion, while combustion is 
still in progress, may be caused by actual contact of the com 
bustible with comparatively cool metal, or it may occur within 
the mass itself due to the cooling effect of the expanding gases. 

The effect of engine load upon combustion duration is 
shown in Figs. 10 and 11. The selected fuels for which these 
curves were drawn are the same fuels as used in the three 
different engines for the determination of fuel rates. The 
fuel-rate data will be coordinated with the information fur 
nished by these curves later in this paper. 

An attempt to extend the investigation into the range of 


very early injection was not successful because abnormally 





Fig. 13 —How the 6-cyl, 4-cycle diesel engine of 60 hp at 
1200 rpm was mounted in connection with an electric 
dynamometer for test is shown in the photograph 
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high combustion pressures were encountered which pulver- 
ized the quartz windows. 
unimportant. 

Fig. 10 shows that, when fuel is injected at about 25 deg 
before TDC, the combustion duration of most fuels is not 
noticeably affected by the changes which accompany an in- 
crease in engine load. Some of these changes are: 


However, this range is relatively 





COMPARISON OF FUEL RATE CURVES 
FOR 6 DIESEL FUELS 


FUEL NUMBER AND CETANE RATING 
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More fuel to be burned. 

2. Lower air-fuel ratio. 

3. Higher engine operating temperatures. 
However, with later fuel injection, the effect of increased 
load is to increase greatly the after-burning. Fig. 11 shows 
that all fuels, excepting one (No. 36; Cetane No. 25), con 
tinue to burn long after the exhaust valve starts to open. The 
drooping curves (Fig. 11) for two of the fuels (No. 33, 
Cetane No. 60; and No. 40, Cetane No. 87) shows the chilling 
effect of the open exhaust valve on after-burning. 


Fuel Rate Data 


While determining the ignition-lag and combustion-dura 
tion curves for the single-cylinder, high-turbulence engine, the 
engine was operated under a load of 7.7 


bhp and at a speed 
of 1245 rpm. 


This speed was selected in order to provide a 
convenient spacing of the diagrams on the film of the con- 
stant-speed camera drum. Fuel rates were determined during 
these combustion tests, and the fuel-rate points for 12-deg 
injection-advance angle have been plotted in Fig. 12 for each 
of the 27 fuels (Table 1). Rather than attempt to draw a 
mean graph for all of these data, straight lines have been 
drawn connecting the points for six selected fuels, as listed in 
the next paragraph. This graph is marked F-M, 1-Cyl, 75% 
Load. Some of the data points are rather far removed from 
this graph, but a part of this deviation can be accounted for 
by differences in the heating values of the fuels. For example, 
the fuel showing the greatest variation from other fuels is 
gasoline (No. 28, Table 1), which has a cetane number of 35; 
and its exceptionally low fuel rate is explained, in part at 
least, by the fact that its heating value per pound is greater 
than that of any of the other fuels tested. 

A rather extensive series of tests was run on a group of six 
fuels, selected to cover as wide a range of cetane numbers as 
possible, as follows: 


Fuel No. 36 38 37 33 29 40 
Cetane No. + ae 39 49 60 74 87 


Data for fuel No. 36 were not plotted for the single-cylinder 
engine because the engine would not run on this fuel with 
(Concluded on page 140) 
































Multicylinder Engine Detonation 


and Mixture 


Distribution 


By A. J. Blackwood, C. B. Kass, and O. G. Lewis 


Standard Oil Development Co. 


RESENT-DAY cars are not capitaliziag on the 

continued efforts of the petroleum industry to 
provide better fuels, the authors believe. The 
wide differences found in the octane-number re- 
quirements of individual cylinders, plus the fail- 
ure to obtain uniform mixture distribution from 
cylinder to cylinder without resorting to fuels of 
aviation-grade volatility have led them to reach 
this conclusion, they explain. 


The probability that significant reduction in the 
average antiknock requirements of cars might be 
effected without making any major changes in the 
engine is indicated by a survey of the technical 
literature, they point out. The extensive studies 
of ignition-system characteristics and gasoline- 
mixture distribution as affecting detonation re- 


ported in their paper bring out the following 
pertinent points: 


1. Variations actually occurring in the spark 
advance from cylinder to cylinder may vary the 
octane-number requirement of individual cylin- 
ders by about 10 points. 


2. With perfectly synchronized spark advance 
to all cylinders, the variation in mixture strength 
reaching the individual cylinders during full- 
throttle operation may still cause a variation of 
about 15 points in octane-number requirements 
of the individual cylinders. 


3. With the particular test engine used, air-fuel 
mixture distribution could be improved markedly 
only by going to excessively high fuel volatility. 


1. Care in assembling cars at the factory could 
bring about an average decrease in octane-number 
requirement of several points. This decrease, in 
turn, could be utilized in future designs to permit 


of higher compression ratio and increased effi- 
ciency. 
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VER the past few years, the technical literature on the 
() detonation problem has shown an increasing tendency 

to draw attention to the practical multicylinder engine 
problem as contrasted with single-cylinder experimentation 
and exploratory work using bombs and tubes. And still today, 
when the accounts have all been added, the net results are not, 
by any means, the answer, but rather a few direction signals 
indicating some of the numerous correctives which must be 
applied before a clear course can be logged. 

The many surveys of car octane-number requirement which 
have been reported during the past few years invariably have 
disclosed the fact that even a single model of any one make 
of car cannot be said to have a definite octane-number re- 
quirement. It is not unusual to find 1o cars of a given make 
and model — all in apparently the same condition as regards 
mileage, cleanliness, and mechancial condition, and all ad- 
justed in exact accordance with the manufacturer’s instruc- 
tions — differing from one to another by 10 or even 15 octane 
numbers. 

In an effort to discover why cars in apparently identical 
condition and adjustment should differ so widely in their 
antiknock requirements, this work was initiated. The test 
program was developed, having in mind the belief that, by 
improving some existing weaknesses in engine design, a mate- 
rial reduction in fuel antiknock requirement might be at- 
tained. At the same time, customer satisfaction would be in- 
creased without the necessity of making radical changes in 
engine size, or speed, or compression ratio. 

It has long been known that air-fuel ratio has a profound 
effect on detonation, and one of the first steps in making the 
multicylinder-engine study was a careful analysis of the mix- 
ture distribution to the individual cylinders and later tying in 
these results with the detonation experiments. The tests were 
expanded subsequently to include the effect of certain fuel 
characteristics on the variation in knock. 

For the experimental work, a modern 8-cyl, in-line over- 
head-valve engine was selected. However, the results should 
not be interpreted as either an indictment of the in-line engine, 
nor as being peculiar to the particular make or type of engine. 
Experience on other engines has indicated that the results ob- 
tained on the test engine are generally indicative of the per- 
formance of present-day designs. The engine was connected 
to an electric dynamometer and, for the tests described, was 
operated with temperatures at the cooling-water outlet of 
160 F, of the crankcase oil of 190 F, and of the carburetor- 
air inlet of 100 F. The engine was equipped to take samples 





[This paper was presented at the Annual Meeting of the Society, De- 
troit, Mich., Jan. 12, 1939.] 
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Table 1 — Fuel Inspections 
Volatile Knock Aleohol- 
Regular- Premium- Refererce Blend 12% 
Grade Grade Aviation Fuel Racing F-1! * Plus 
Gasoline Gasoline Gasoline C-10 * F-100 * Fuel Heptane Butane 
Test Fuel No. 1 2 3 4 5 6 7 8 
Octane Number, ASTM . 70.1 79.7 74.0 78.8 100.0 95.4 71.8 115 
(approx. 
Gravity, deg API....... 59.5 64.0 65.0 67.5 65.3 15.4 70.0 
ASTM Distillation, F: 
Initia! boiling point 99 106 115 113 132 127 200 Constant 
10% point... 144 146 149 157 153 129 200 boiling 
50% point ny 254 216 195 200 165 134 202 at 34 F 
90% point... 356 300 242 233 214 148 207 
End point....... 110 363 288 270 284 154 209 
Recovered at 158, “; 14 15 16 12 25 100 0 
Recovered at 212, 33 47 66 67 89 100 
Recovered at 257, “ 51 76 95 97 97 
Latent Heat, Btu per |b 140 145 145 140 130 377 126 165 
id Fuels A-4, C-10, and F-1 are standard knock-test reference fuels used throughout the world for laboratory octane-number determinations 


Fuel F-100 is a commercial blend of high antiknock aviation fuels. 


of exhaust gas from the individual cylinders at a point about 
Y, in. from the valve, and also from the main exhaust line 
from the engine. In addition, thermocouples were placed for 
obtaining temperatures at various points in the fuel-induction 
system. 

Lest the criticism be raised that the results obtained were 
due to some special peculiarities of the test engine, it should 
be mentioned at this point that engine peculiarities were elimi 
nated by purchasing several standard parts and assemblies and 
running them to make sure no freak parts were used. In 
this elimination, trial runs were made on four cylinder heads, 
four manifolds, three carburetors, and three distributors. There 
were no marked differences in any of the various assemblies 
tested, and the final results are believed to be truly representa 
tive of normal engine performance. 


Air-Fuel Mixture Distribution 


The first step in studying the mixture-distribution problem 
was to determine the variation in mixture strength from cylin 
der to cylinder when a variety of fuels was used in the engine 

ranging all the way from regular-grade gasoline to gaseous 
butane. The pertinent inspection data for the fuels used are 
shown in Table 1. Data were obtained over the entire load 
and speed range of the engine — with analyses of individual 
cylinder exhaust gases as well as tail-pipe exhaust — for carbon 
dioxide, oxygen, carbon monoxide, nitrogen, hydrogen, and 
saturated and unsaturated hydrocarbons. In these mixture 
distribution studies the carburetor and spark-advance settings 
were standard for this engine. 


Actual chemical analyses of the exhaust gases were made 
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during these tests, as it was found that analyses by the thermal 
conductivity-type indicating instrument did not always check 
with the Orsat instruments. For example, electrical instru 
ments depend upon the conductivity of carbon dioxide for 
their indicated reading and, as there are two air-fuel ratios, 
each producing 12% of carbon dioxide, namely, 13:1 and 
16.7:1, the electrical instruments would indicate the same mix 
ture ratio for the two different air-fuel ratios. 

A typical set of mixture-ratio data is shown graphically in 
Fig. 1 which illustrates the change that occurs in the mixture 
reaching each cylinder as speed is changed during full-load 
operation on a regular commercial non-premium gasoline. The 
complexities of the mixture-distribution problem are apparent 
when, for example, it is seen that No. 1 Cylinder receives a 
progressively leaner mixture as speed is increased, whereas the 
mixture for No. 5 Cylinder becomes progressively richer. 

After considerable study of the exhaust-gas analyses and the 
air-fuel ratios as determined therefrom, it appeared that a prac 
tical, easily understandable way of expressing the degree of 
perfect distribution attained under any given set of conditions 
was to calculate the spread in air-fuel ratio between the richest 
cylinder and the leanest cylinder. Perfect distribution would 
show zero spread. Table 2 gives the summarized data on this 
basis for Fuel No. 1 (regular-grade commercial gasoline) with 
operation of the engine over a wide range of load and speed. 
Fig. 2 is a graphical presentation of the same data. It will be 
observed that operation at full load is much the worst condi 
tion in so far as equality of distribution is concerned. To 
simplify presentation, the speed figures are shown as “miles 
per hour” rather than as revolutions per minute, and the load 
figures as “equivalent grade” rather than per cent of full load. 


Table 2 — Distribution Characteristics 
(Using Regular-Grade Gasoline — Fuel No. 1 


Spread, in Air-Fuel Ratios, Between Maximum and Minimum 
Air-Fuel Ratio in the Individual Cylinders 


Miles per Hour 


10 15 20 30 10) 

Road Load = 3.5 3.0 1.5 2.6 
2% grade 2.9 5 1.6 
4% grade. 4.1 Be 2.8 1.0 0.8 
6% grade 4.1 2.6 12 1.1 0.9 
8% grade 3.9 3.1 2.2 12 0.7 
10% grade 2.0 1.4 0.8 0.3 2.7 
Full Load. . 3.0 6.6 6.9 5.9 5.6 


This test engine developed its loudest knock at approxi 
mately 20 mph, full throttle. It so happens, as evident from 
these data, that on this engine the mixture distribution is also 
poorest at full throttle in the 20-mph speed range. This oc 
currence facilitates the discussion of the problem at hand, 
inasmuch as one of the important aspects of this question is 
the effect of mixture distribution on knocking characteristics. 
In order to minimize complications, the subsequent data pre 
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sented deal only with tests run under these conditions, even 
though it is recognized that these particular conditions per 
haps overemphasize the worst side of the picture from the 
engine manufacturer’s viewpoint. 

Table 3 summarizes the mixture-distribution data obtained 
on the fuels described in Table 1 when the engine is operated 
under its most severe knocking and poorest mixture-distribu- 
tion conditions of 20 mph at full throttle. It should be stated 
that butane was carbureted through a special hot-water heat 
exchanger, regulated to insure dry vapor which was intro- 
duced into the induction manifold just above the carburetor 
air horn. The table is arranged in such a way that the fuels 
are in the order of improved distribution. For convenience, 
the pertinent volatility characteristics of the fuels are shown. 
Although this table shows that, by improving fuel volatility, 
distribution can be improved to the point of perfection, it is 
obvious that it is necessary to increase volatility into the range 
of aviation gasoline and beyond if any appreciable improve 
ment over the distribution of regular-grade gasoline is to be 
achieved. If we assume that this particular car and manifold 
system is representative of cars in general—and our experi 
ence shows that it certainly is not unusual in this respect — the 
data are conclusive evidence that better manifolding is needed 


Table 3 — Effect of Volatility on Distribution Spread — 1000 rpm (20 mph) Full Load 


Recovery at (Deg F) 


Fuel 158 
No. 

Regular-Grade Gasoline l 14 
Aleohol Racing Fuel. 6 100 
Volatile Premium-Grade Gasoline. 2 15 
Aviation Gasoline. . . 3 16 
F-100 Aviation Blended Fuel. 5 25 
C-10 Knock-Reference Fuel 4 12 
F-1 Knock-Reference Fuel plus Heptane 7 0 
Butane. 8 100 


Distillation Data Distribution 


: Latent Spread 
212 25 


257 Heat (Air-Fuel 

% 90% at (Btu perlb) Ratio) 
33 51 356 140 a8 
148 377 6.8 
47 76 300 145 5.2 
66 95 242 145 4.7 
89 97 214 130 4.5 
67 97 233 140 4.3 
100 re 207 126 3.9 
oe 34 165 0.9 
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Fig. 3— Volatility and distribution spread for fuels of 130-160 
latent heat 


urgently if the steady efforts of the petroleum industry to give 
better volatility are to be capitalized to give better car per- 
formance. This condition is apparent when it is noted that, 
in these tests, doubling the per cent recovered at 212 F, as 
represented by comparing the aviation gasoline with regular- 
grade gasoline, brought about a drop in mixture-ratio spread 
from 7.1 points to 4.7 points, or only about 33% improve- 
ment. 

A further study of these data indicated that, generally 
speaking, the 90% point is a fairly reliable index of distribu- 





tion efficiency, provided fuels of unusual latent heats are not 
included. This condition is shown graphically in Fig. 3, 
which indicates a remarkably good line-up of the data. 
Inasmuch as abnormal increases in fuel volatility were re- 
quired on this engine to effect any substantial improvement 
in full-load mixture distribution, a limited amount of work 
was done on studying the mechanical aspects of the problem. 
Simply as a matter of interest, and in the hope of focusing 
further attention on manifold and carburetor assembly design, 
the data in Table 4 are presented. These values were ob- 
tained on a special manifold as shown in Fig. 4, wherein two 


Table 4-— Change in Power, Economy, and Distribution with 
Change of Intake Manifold 
Regular-Grade Gasoline — Fuel No. 1 


Standard Standard Special 

Heated Unheated Unheated 

Manifold Manifold Manifold 
Full-load horsepower (at 1000 
rpm) increase over standard, 


Bead aunt inhib atid ae ‘ 4.0 11.05 
Full-load specifie economy (at 

1000 rpm) improvement over 

A ee 4.48 7.70 
Maximum variation in air-fuel 

ratio between richest and 

leanest cylinders (at 1000 

Poin) TUI-IORG... ee o4 5.80 3.10 














Front view 























Rear view 


Fig. 4-Special manifold assembly 
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New 6-cyl ignition distributors 


Fig. 5—Polar diagrams showing effect upon individual-cylinder spark advance of variation in effective surfaces of dis- 
tributor cam lobes 


carburetors were used instead of a dual carburetor, and bal- 
ance tubes were used to overcome pulsations and loading of 
the end cylinders. No heat was employed. For the purpose 
of comparison, all of the heat was cut off the standard mani- 
fold by machining a section from the hot-spot and inserting 
a piece of Transite board between the exhaust chamber and 
hot-spot. The mixture temperatures of the unheated standard 
manifold and the special manifold then were found to check 
within 5 deg. It is, of course, unlikely that warming up and 
general flexibility would be satisfactory without heat when 
using widely distributed, commercially available, non-pre- 
mium motor fuels. Nevertheless, the results are of interest as 
indicative of what markedly superior performance might be 
realized by improvement in the fuel induction system. The 
decrease in mixture ratio spread from 7.1 to 3.1 is an improve- 
ment of about 56%, or almost twice the 33% improvement 
found when comparing the distribution with aviation-grade 
fuel as compared to regular-grade gasoline using the standard 
manifolds. 


Advance Variation on Individual Cylinders 


It has been assumed previously that, when the ignition 
timing of a car has been set in accordance with the manufac- 
turer's recommendation, the correct spark advance will be 
obtained in each cylinder within reasonably close limits. Early 
in this investigation it was found that this is not the case. On 
the test engine it was observed that, when No. 1 Cylinder was 
set to fire at a given point, other cylinders were firing as much 
as 6 to 8 deg from this point. Inasmuch as experience had 
shown that spark advance and detonation were allied closely, 
this variation among cylinders was given careful study. It 
soon was established that the variation was caused chiefly by 
irregularity in distributor-cam contours. An examination then 
was made of eight different used distributors and four new 
distributors. All distributors checked were found to have 
some degree of variation between individual ignition points. 
No distinction could be made between new distributors and 
distributors which had been in service for some time. In fact, 
the greatest variation was found in a distributor which had 
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not been in service. Table 5 lists the degrees in variation of 
the individual lobes on the cams of the distributors tested. 
Fig. 5 shows a series of polar charts indicating graphically the 
variation found to exist on several of these distributors. 

It was noted also on some distributor models, with the 
centrifugal and vacuum advance mounted internally, that the 
spark-advance variation is changed considerably when the 
breaker plate is rotated in the housing. This condition is due 
to the fact that the breaker plate does not rotate in perfect 
concentricity with the cam, thereby increasing or decreasing 
the leverage on the breaker arm. In one instance this gave a 
variation as high as 8 deg on the flywheel. 

It is common practice in timing the ignition at the factory 
to set the No. 1 Cylinder to fire at a given point. From the 
foregoing it is apparent that this can result in an extreme 
case of: 

a. All other cylinders having a greater spark advance than 
the No. 1 Cylinder. 

b. The opposite extreme of all the cylinders having a lesser 
spark advance than the No. 1 Cylinder. 

There seems little doubt that a great number of complaints 
ot detonation on factory-recommended spark setting can be 
traced to variations in individual-cylinder spark advance. In 
a recent survey of four of the lower-priced cars a variation in 
octane requirement between cars of the same make and model 
was tound to be 23-octane numbers for one make, and 17, 10, 
and 4 octane numbers for the others. Part of this great 
variation no doubt was due to engine-distributor cam-angle 
variation. 

On the engine used in this investigation a 2-deg reduction 
in spark angle permits an octane-requirement reduction of 
about 3 octane numbers. If the octane requirement of this 
engine were taken with a distributor of 6-deg variation in 
spark angle and then with a distributor of o-deg variation, the 
octane-requirement reduction might be as much as g octane 
numbers. 

It would appear, therefore, that, by adopting two simple 
measures, car manufacturers could reduce the average octane- 
number requirement of their cars an appreciable amount 
without any sacrifice in power or economy. These two 
steps are: 

a. Reduce the permissible maximum tolerance on distribu- 
tor-cam firing angle. One manufacturer recently has reduced 
his permissible tolerance from 3 deg to 2 deg on the distribu- 
tor, or from 6-deg to 4-deg variation in spark advance. This 

value is still excessive. 

b. Adopt an assembly step in the ignition timing to insure 
that No. 1 Cylinder is fired by that distributor cam lobe giving 
the greatest spark advance. This arrangement would insure 
all other cylinders having at least no greater spark advance 


‘than No. 1 Cylinder. 


Knocking Tendency in Individual Cylinders 


In the preceding sections it has been shown that individual 
cylinders may show up to 7 points difference in air-fuel ratio 
on a fuel of regular-grade volatility. It has been shown also 
that individual cylinders may have appreciably different spark 
advances, and that the engine used for this work had an 
octane-requirement variation between cylinders of approxi- 
mately 9 points due to spark-advance differences alone. As it 
is well known that intensity of knock varies sharply with 
change in air-fuel mixture ratio, it follows that the combina- 
tion of spark and mixture ratio in the individual cylinders of 
a multicylinder engine may cause a widely different tendency 
to knock under a given set of conditions. It seemed highly 
desirable, therefore, to obtain information on the knocking 
tendency of the individual cylinders. To this end, several 


Table 5 — Ignition-Distributor Characteristics 


Distributor Deg eg Variation in Fi a Angle Cam Lobe S 


No. 1 3 4 6 i 8 
Used "Distributors 6-C yl C: 
SAH 0 —] 0 0 O- +2 
2-6 8] 0 —2 +] +1 0 
3-6 0 —] -] 0 +-2 +2 
4-6 6 +! ®o +2 +4 0 
New Distributors — 6-Cyl Car 
5-6 0 —] 0 -2 0 0 
6-6 0 0 +2 +3 +2 0 
7-6 , 0 0 0 +1] 0 +1 
S-6 0 0 +] +5 +] 0 
Used Distributors — 8-Cyl Car 
1-8 0 0 0 0 +] 12 +2 +1 
2-8 0 0 +] +2 +2 0 () 0 
3-8 0 +1] +] 0 0 —| +1 0 
4-8. 0 0] 0 +] +1 Q 0 0 
Test Eng.* —k +] +3 0 0 +3 +6 +1 


A plus (+) sign indicates a lobe firing in advance of the 
timing lobe. A minus (—) sign indicates a lobe firing the 
designated number of degrees retard of the timing lobe. 

*This is the same distributor as No. 1-8, except that the 
values shown are for installation in the car with the incidental 
backlash in driving gears; side thrust of driveshaft, and so on; 
whereas the No. 1-8 figures are for the distributor mounted 
for a bench test using an oscillograph instrument. 


methods previously used by other investigators were studied 
and discarded in favor of a novel arrangement worked out on 
the test engine, whereby a second ignition distributor is oper- 
ated in parallel with the standard distributor. This arrange- 
ment is shown in Fig. 6. By this means the spark advance to 
one or more cylinders may be advanced or retarded without 
aflecting the remainder. There are two obvious methods for 
determining the cylinders which are detonating: 

The engine may be run with the standard distributor 
assembly upon a fuel which will give an audible detonation. 
The auxiliary ignition distributor then may be cut in and the 
spark advanced on one cylinder at a time, until there is an 
increase in audible detonation. If the increment spark ad- 
vance is greater than 2 deg, it is apparent that the particular 
cylinder was not detonating previously on the standard dis 
tributor. By actual tests some cylinders required as much as 
35-deg advance over normal advance before there was an 
audible change in knock intensity whereas, on other cylinders, 
even an advance of ¥ deg gave an appreciable increase in 
audible detonation. 

b. The second and more satisfactory method is to retard 
all cylinders until there is no possibility of any cylinder det- 
onating, that is, by retarding the spark below the point of 
audible detonation. Then, by advancing the spark on each 
cylinder separately, it may be determined readily just what 
cylinders are detonating on the normal spark setting and with 
what intensity, and what spark advance is necessary to make 
each cylinder start detonating. This method of determining 
the detonating cylinder gives a clear picture otf the knocking 
characteristics in terms of audible detonation, which is the 
final criterion of customer satisfaction. The method does not 
change any design detail, mixture characteristic, or any por- 
tion of the normal cycle of the cylinders. 

An arrangement such as this provides a very useful tool for 
the study of many problems involving mixture ratio, spark 
advance, and detonation. For example, the effect of manifold 
heat can be studied from data such as are shown in Fig. 7. It 
can be seen that a reduction in manifold heat results in a very 
marked reduction in the knocking tendency of the cylinder 
(as evidenced by more spark advance required to produce 
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incipient knock). The effect is much more pronounced when 
lean mixtures are used. However, neither leaner mixtures nor 
less heat can be used generally until the car manufacturer 
greatly improves existing distribution of the mixture. Only 
minor gains r¢ sult from improving fuel volatility where mani 


folding is not good, as was shown earlier in the paper. 


Octane Requirement of Individual Cylinders 

The octane-number requirement of each cylinder of a multi 
cylinder engine could be determined if the engine had indi 
vidual intake ports, by providing a separate adjustable car 
buretor and individual intake pipe for each cylinder and 
determining the proportions of octane and heptane necessary 
to eliminate knock under predetermined conditions of spark 
advance, mixture temperature, jacket-cooling temperature, and 


mixture ratio. If all cylinders were uniform and symmetrical, 


and at identical temperatures, the octane-number requirement 


should be the same tor all cylinders. In actual service the 


individual cylinders receive varying quantity and quality of 
air-fuel mixtures, and have varying spark advances, as de 


scribed in the foregoing sections, and it would be of consider 


r 
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able interest to be able to interpret the data in terms of octane 
number requirement. 

An approach to this interpretation has been made by deter 
mining the knocking tendency of mixtures of the secondary 
reference fuels C-10 and A-4 in terms of spark advance and 
air-fuel mixture giving incipient knock. During these tests 
the engine was operated under the maximum knocking con 
ditions, that is, 20 mph (1000 rpm), full load, with carburetor 
adjusted for 12.5:1 air-fuel mixture as determined from overall 
exhaust analysis. The results are shown in Table 6. 

From these data the two sets of curves in Fig. 8 were 
drawn. The consistency of the data is apparent from the 
lower curve on that sheet, as a smooth line has been drawn 
through the points for the individual cylinders showing a 
characteristic variation of air-fuel ratio versus octane number. 
The same shape of curve results on a single-cylinder engine 
when the mixture is varied, and the resulting apparent octane 
number requirement is determined. The consistency of these 
data — when no cylinder falls more than 1¥, 
mean 


points from the 
indicates that the qualitative distribution on 
blends of reference fuels is good. That is to say, each cylinder 
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Fig. 6—Test engine showing the two independent ignition svstems whereby the spark advance may be varied to the 
individual cylinders 
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Fig. 7— Optimum spark advance for individual cylinders — Fuel No. 


probably gets its proportional share of light ends and heavy 
ends, although all do not receive the same overall air-fuel 
mixture. There has been very little indication in any of this 
work that there is any substantial amount of preferential 
qualitative distribution in the manifold; it appears to be prin- 
cipally quantitative distribution. 

The curves in Fig. 8 also show that, for operation at 20 
mph, full throttle, at an overall air-fuel mixture of 12.5:1: 

1. The actual spark advance to produce equal knock inten- 


’ Table 6 
(a) Air-Fuel Ratio Obtained: 
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sity in the individual cylinders varies by 15 deg. 

2. If all cylinders were synchronized to have the same spark 
advance of say, 16 deg, the octane-number requirements of the 
fuel to the various cylinders would still vary by as much as 16 
points. (Data not included show even greater variation for 
lean overall mixtures. ) 

It is interesting to estimate the maximum possible difference 
in the octane-number requirements of the individual cylinders 
of the test engine when conditions are such that the cylinder 


Tests Made on Standard Reference-Fuel Blends 


% ASTM Composite 
_C-10 Octane Air-Fuel Cylinder Cylinder Cylinder Cylinder Cylinder Cylinder Cylinder Cylinder 
in A-4 No. Ratio* No. 1 No. 2 No. . No. 4 No. 5 No. 6 No. 7 No. 8 
50 60.0 12.5 12.6 14.3 3.§ 16.5 13.8 10.4 11.4 9.3 
60 63.8 12.5 12. 14.1 3.8 16.5 13.8 10.4 11.3 9.3 
70 67 .6 12.5 i2Z.3 14.1 3. 8 16.5 13.8 10.5 11.5 9.3 
80 71.4 12.5 12.3 14.4 3.9 16.5 13.9 10.8 11.6 9.4 
90 75.0 13.5 12.4 14.2 3.8 16.5 13.9 11.1 12.1 9.8 
100 78.8 12.5 12.3 14.0 3.4 16.5 13.5 10.5 11.4 9.2 
Average.... 12.5 12.4 14.2 13.8 16.5 13.8 10.6 11.4 9.4 
(b) Spark Advance Required To Give Incipient Knock: 
50 60.0 7.5 9.5 7.0 16.0 <0 9.5 5.0 4.5 
60 63.8 10.0 10.0 9.0 18.5 10.0 11.0 6.0 10.0 
70 67 .6 12.5 14.0 13.0 22.0 2.5 11.5 11.0 12.5 
80 71.4 17.5 20.0 16.5 25.0 15.5 15.0 12.5 14.5 
90 75.0 19.5 22.5 19.0 26.0 21.5 20.0 15.0 19.0 
100 78.8 23.5 31.0 29.5 38.0 30.5 29.0 22 .0 31.0 





* Set constant for each blend, but only slight adjustment needed betwceer 


: fuel blends. 
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receiving the worst knocking mixture simultaneously receives 
the greatest spark advance —a situation not at all unlikely of 
occurrence in assembling the engine at the factory. Of interest 
also is the corresponding minimum possible difference in re- 
quirement of the individual cylinders when the engine is 
assembled in such fashion that the cylinders receiving mix- 
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tures tending to knock are compensated by receiving the lower 
spark advances. In order to make this estimate, it is helpful 
to sketch two polar diagrams superimposed one upon the 
other, as shown in Fig. 9. The chart is drawn for conditions 
obtaining on the standard test engine adjusted in accordance 
with manufacturer’s recommended carburetor and spark set- 
tings. The “outer” contour shows the spark advance actually 
obtained at each cylinder. The “inner” contour shows the 
spark advance required at each cylinder to give incipient 
detonation when the engine is receiving a 70-octane mixture 
of reference fuels. This required spark advance is, of course, 
dictated by the variation in mixture ratio received by the 
individual cylinders. 

Inasmuch as these are polar charts, and the actual and 
required spark advances are plotted radially and in the order 
of cylinder firing, it follows that, by rotating one of the two 
charts about the common center, the maximum difference in 
octane-number requirement will occur when the superimposed 
contours are as shown in the chart at the left, which shows a 
variation between actual and required spark advance of 114 
deg. In the right-hand chart the two contours are shown in 
the position for the minimum difference between the actual 
and required spark advance, indicating 6Y, deg. It appears 
from the foregoing that, by simply selecting the best position 
for the distributor cam, as contrasted to the worst position, 
there is a possible reduction of 5 deg in the spark advance 
causing knock. As judged by the curves of Fig. 8, this is 
equivalent to reducing the octane-number requirement of the 
engine by 5 to 6 octane numbers —a very worth-while reduc- 
tion indeed, and one which could be realized in many cases 
during the assembly of the spark-advance mechanism at the 
factory. 


Conclusion 


In conclusion, some rather broad generalizations seem justi- 
fied. The wide differences found in the octane-number re- 
quirements of individual cylinders, plus the failure to obtain 
uniform mixture distribution from cylinder to cylinder with- 
out resorting to fuels of aviation-grade volatility, make it 


1 
CYLINDER NUMBE® 





Fig. 9 — Polar diagrams of spark advance for individual cylinders 
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appear that present-day cars are not capitalizing on the con- = 

tinued efforts of the petroleum industry to provide fuels of . 

better volatility and higher octane number. Precautionary > _ en 

measures might be included in the assembly of the engine at = & FUEL 4 (100% C-10) ba 

the factory to insure that the cylinders normally receiving fuel 8 tele \ 

mixtures most likely to detonate do not receive simultaneously 3 200 7 

the greatest spark advance. This precaution should result in ‘ aoa 

a decrease of several points in octane-number requirement ane 

which, in turn, could be utilized in future designs to permit e 

of higher compression ratio and increased efficiency. 3 


It is hoped sincerely that the net results of these studies may 
inspire some development work to improve existing condi 
tions along these lines by engine manufacturers. 

The authors wish to emphasize again that, in reporting this 
work, no condemnation of any type, model, or make of engine 
or ignition system is either implied or intended. 


Discussion 


Data Show Poor Heavy-End 
Distribution 


— Earl Bartholomew 
Ethyl Gasoline Corp. 
ONG ago it became apparent that the performance in a single-cylinder 
engine given by a fuel composed of numerous hydrocarbons can be 
understood only by a study of the characteristics of the individual hydro- 
carbons comprising the fuel. Subsequently it developed that automobile 
engines are not composed of duplicate cylinders operating under uniform 
conditions but, in reality, of 4 to 16 dissimilar, single-cylinder engines 
subjected to divergent temperatures and ignition timing, and burning 
different fuels at unlike mixture ratios. The performance of the auto 
mobile engine as a whole can be understood only by an analysis of the 
conditions under which each cylinder operates. It is gratifying to see that 
such an attack is being made by the authors of this paper and it is to be 
hoped that, in the near future, we may have the benefit of the data 
obtained in similar studies by other laboratories. 

In our experience the ignition timing from cylinder to cylinder always 
has varied but never to the degree found by the authors. Table A shows 
the spark advance for the individual cylinders of five different models of 
cars in the speed range of maximum knock during acceleration on the 
road as measured by the instrument described in our paper presented a 
year ago. The maximum variation in any engine is 3.8 deg and the 
average maximum variation is only 2.2 deg. The cars had been driven 
5000 to 23,000 miles at the time of the tests, and the distributors had not 
been serviced. 

The data obtained on the fuel-distribution problem in our own lab 
oratories are in qualitative agreement with a portion of those obtained by 
the authors but do not confirm other portions. It seems optimistic to 
hope that a gas sample withdrawn from a tube inserted at any point in 
the exhaust manifold represents the undiluted output of a single cylinder. 
Our laboratories abandoned sampling of the manifold gas in favor of 
gas-sainpling valves screwed directly into the cylinders, as described in 
the paper presented a year ago. 

Our laboratories confirm the validity of the statement of the authors 
that “in actual service the individual cylinders receive varying quality of 
air-fuel mixtures” but take exception to the apparently contradictory con 
clusion that “each cylinder probably gets its proportional share of light 
and heavy ends (of the fuel).”” Table 3 of the authors’ paper shows that 


fuel distribution was almost perfect when butane entered the manifold 


Table A (Bartholomew discussion) -Ignition timing of the 
individual cylinders of engines in cars accelerating in high 
gear at full throttle 


APPROX. 


MAKI MUP 
SPEE IGNITION TIMING, O€GREES BEFORE TOP DEAD CENTER IN CYLINDER NUMBER VARIATION, 
AR NOs MILEACE Mis/WRe § _2. SS —- = 3 ak. pa —&. OEGREES 
71 5,000 HO~t2 1220 13.3 13.8 12.6 10.4 10.0 1006 11.4 348 
183 7,500 15-17 10.5 9.8 1067 Ve? 10.6 1142 1.5 
is 21,000 14—16 10.7 9.9 1.5 the 1008 964 1126 1164 202 
170 5,000 17=20 9e4 906 . Fe2 99 10.3 9.3 906 te! 
13 23,000 i3-t6 15.4 14.0 13.0 15.3 13.9 14.4 14.4 13.5 2.4 
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SPREAD BETWEEN THE MINIMUM AND MAXIMUM 
AIR-FUEL RATIO THROUGHOUT THE 8 CYLINDERS 


VOLATILITY AND DISTRIBUTION SPREAD 
FOR FUELS OF 130-160 LATENT HEAT 


Fig. A (Bartholomew discussion) 


as a vapor; hence the conclusion seems to be in order that the vaporized 
portion of any fuel, for all practical purposes, is distributed uniformly. 
When less volatile fuels were used, there were large variations in the 
air-fuel ratios. In view of the almost perfect distribution of butane, it is 
difficult to account for the poor distribution of the motor gasolines except 
on the basis of differential distribution of unvaporized heavy ends. It is 
equally difficult to conceive of a mechanism which would upset the 
approximately uniform distribution of vaporized light ends in order to 
maintain a constant ratio of vaporized and liquid fuel portions fed to the 
individual cylinders. 

The authors state that the 90% point is a fairly reliable index of dis- 
tribution efficiency, provided fuels of 130-160 latent heat are considered, 
as shown by Fig. 3 of the authors’ paper which is reproduced in Fig. A 
of this discussion. Fig. 3 shows reference fuel C-10 (Fuel No. 4) as 
having a distribution spread of 4.3 air-fuel ratios. The 90% point of a 
mixture of 50% reference fuel C-10 in A-4 is about 295 F against ap 
proximately 230 F for the 90% point of C-10. According to the curve 
of. Fig. 3, this variation in the 90% point among the reference-fuel 
blends studied should give rise to the heavy continuous curve of Fig. A 
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and cause a difference in distribution of about 1.25 air-fuel ratios for 
C-10 and 50% C-1o in A-4. Fig. A also shows the spread in air-fuel 
ratios for the reference fuel blends of Table 6. There appears to be no 
explanation for the failure of C-10 and 50% C-10 in A-4 to show the 
differences in distribution which Fig. 3 indicates they should have. It 
would be interesting to know the change in operating conditions which 
caused the much poorer distribution of C-10 in Table 6 relative to that 
shown in Table 3 and Fig. 3. 

Fig. B shows data obtained in our own laboratories on the distribution 
of the heavy ends of a fuel during low-speed acceleration on the road 
The carburetor fuel was a blend of 27.5% by volume of methyl naphtha 
Jene in isopentane, the boiling points of the two constituents being 82.3 
and 464 F, respectively. Less than half of the heavy component of the 
fuel reached the cylinders during the period of measurement, the r 
mainder having accumulated on the surfaces of the fuel-induction system 


That which did reach the cylinders was distributed differentially and 
accounted for the wide variations in cylinder air-fuel ratio shown in 
Fig. B. It should be noted that the engine used was equipped with a 


two-barrel carburetor, each barrel serving a group of 4 cylinders. That 
the two barrels did not meter fuel at an equal rate is indicated by the 
fact that the mean air-fuel ratio for Cylinders 1, 2, 7, 14.031 
and that for Cylinders 3, 4, 5, and 6 was 12.8:1. For this reason, Fig. B 
shows the relationship for each group of cylinders separately. 


and 8 was 


Inasmuch as fuel distribution and economy at full throttle often bear 
little relation to the same factors at part throttle, it is believed that the 
differences in economy shown in Table 4 might be lost in a determination 
of overall economy. 


Cathode-Ray Oscillograph in 
Multicylinder Detonation Work 
—W.5S. Mount 


Socony-Vacuum Oil Co., Inc. 


Hk knocking behavior ¢t mulucylinder engines has escaped analysis 
for many years, largely because of the scarcity of instruments which 


will show exactly what is going on in each cylinder separately. Jnstru 
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Fig. C (Mount discussion) —The knock spectrum in a 6-cyl 
1938-model engine 


application of the cathode-ray oscillograph to detonation work on multi 
cylinder engines. 

Use of the Cathode-Ray Oscillograph-In this apparatus the sound 
waves produced by detonation are picked up by a small piezo-clectric 
crystal mounted on the engine surface. The vibration impuls 
is strengthened by use of an amplifier and impressed upon the vertical 
deflecting coils of the cathode-ray tube. 

Fig. C-—The Knock Spectrum in a 6-Cyl 1938-Model Engine — The 
vertical motion of the beam is proportional to the knock intensity. The 
horizontal motion is controlled by the rotation of the crankshaft of th« 
engine and, in this case, the beam traverses the screen in two revolu 
tions. Starting with No. 6 Cylinder 
knock intensity on all cylinders 
firing order. 


outer 


record of the 
with the 


then, we have a 


consecutively in accordance 

In this engine most of the detonation is produced by Cylinders Nos. 2 
and 4. Some of the noise recorded is, of course, mechanical, and it is 
necessary to obtain a diagram similar to that shown at the bottom of 
Fig. C in order to distinguish the detonation from mechanical noises. 


For example, Cylinder No. 2 produces a 


vibration which js purel, 


MULTICYLINDER DETONATION AND 


DISTRIBUTION 


Cryamwvoce Nurreers. 


| 





DETONATI 
= 


K 





Fig. D (Mount discussion) —The knock spectrum in an 8-cyl 
1936-model engine 


there being no 
made to detonate. 

Fig. D—Knock Spectrum in an 8-Cyl 1936-Model Engine —-A similar 
knock intensity record for an 8-cyl engine indicates that most of the 
detonation is produced by Cylinders Nos. 4, 5, 6, and 7. 


mechanical, increase 1m intensity when the engine is 


Three cylin 
ders were observed at a time in the 8-cyl engine, and the photographic 
record was combined so as to include all of the cylinders in consecutive 
order from left to right. Some of the cylinders knock intermittently, lik« 
No. 2, and it is to take a number of 
knocking tendency of this cylinder. 

In an attempt 
Cylinders Nos. 
spark advance, 


necessary records to observe the 
to determine the cause of the heavier detonation in 
1, 5, 6, and 7, the individual cylinders were checked for 
mixture ratio, and compression pressure. Although there 
were noticeable differences among cylinders in all of these measurements, 
conflicting data were obtained and 
ippear to be forthcoming 


a satisfactory explanation does not 
from these measurements alone. 

Additional work will be required to improve the instrumentation, but 
the value of the oscillograph in studying multicylinder engine 
tion has been demonstrated 


Need for More Durable 
Ignition Equipment 


detona 


—J. O. Eisinger 
Standard Oil Co. (Ind.) 


alarmed about a -voctan 
number variation in his product, and the authors show that the car 
inanufacturing tolerances in the rotor of the distributor may 
number difference in the requirement for the same 
The suggestion of the author that the rotor be so set at 
the factory that the high lobe will fire the richest cylinder seems to be a 
worthy one. However, we would like to go one step further and make 
a plea for greater durability of the ignition and other engine accessories 
so that, after the car is in the hands of the customer, it will not chang« 
so drastically that an 80-octane-number fuel is required to prevent 
knocking. It is appreciated that this improvement may add slightly to 
the cost of the accessories, but I believe that such an improvement will 
justify itself both to the car builder, the oil industry, and the customer 
We have found that distributors change rapidly with use and are one 
of the principal causes of car knocking today. As an illustration of this 
point a typical set of curves has been selected from a great number of 
similar tests and are shown in Figs. E and F. These figures show th« 
car knock intensity obtained at different throttle openings and, ther¢ 
fore, reflect the characteristics of spark timing and to some extent mix 
ture distribution. Fig. E illustrates the results found when using a dis- 
tributor that was checked carefully for accuracy and adjustments, and 
was set to conform to the mean of the manufacturer’s recommendations. 


HE gasoline manufacturer becomes 


ignition 
cause a g-octanc 
model of car. 
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Fig. E (Eisinger discussion) —Knock intensity versus car 
speed — Calibrated distributor 
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Fig. F (Eisinger discussion) —-Knock intensity versus car 
speed — Used distributor 
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Fig. G (Eisinger discussion) — Effect of fuel octane-number 
changes on knock intensity — Data based on 60 cars — 1937- 
1938 models 


It should be observed that the spark-advance characteristics of this care 
fully adjusted distributor were such that, at no car speed, was the part 
throttle knock greater than at full throttle. Fig. F shows the results 
obtained on the same car but with a distributor that had received about 
5000 miles of service. This distributor caused a 7.0 octane number in 
crease in the fuel required to prevent knocking. Also it is apparent that 
the part-throttle characteristic of the ignition system was astonishingly 
different from that which the car manufacturer intended it to be. 
Another point which may be of interest is the change in fuel octane 
number necessary to prevent knocking in a car that is already knocking. 
Fig. G has been prepared to show this requirement and the lines shown 
for the individual cars are the average of a considerable number of 
tests on different cars. It is obvious that, if the fuel being used in these 
cars produces a light knock, then the fuel will have to be raised about 


6 octane numbers to reduce the knock intensity to a trace. 
knocking completely will require an increase of about 10 octane num- 
bers in the fuel. Therefore, if the oil industry has to assume full 
responsibility for the prevention of engine knock, it has quite a serious 
problem on its hands. 


To prevent 


It is hoped that the foregoing facts will serve to illustrate some of the 
difficulties that confront the petroleum industry and that they 
helpful in pointing out to the engine builder wherein improv 
are needed. 


will be 
1ents 


Contends Distributor Blamed for 
Gear-Train Variation 


—J. T. Fitzsimmons 


Delco-Remy Division, General Motors Corp. 


AS representing a manufacturer of ignition equipment I become rather 
vulnerable in engaging in a discussion regarding the autho: 


paper»: 
\lthough | have not made tests recently, my experience of several years 
ago would indicate that their tests are representative with respect to 
variation in mixture ratios in the different cylinders under various speed 


and load conditions. At the time I made such tests several 
I found that, under some load conditicns, part of the cylinders of a 
multicylinder engine had a mixture ratio so rich that the) 

hire, whereas other cylinders were so lean that these wert 
to Muss. 


years ago, 


3 , 
would barely 


also just ready 


The particular point with which I wish to take issue 1s th 
in synchronism found in ignition units as checked on the engine, and 
the statement that most of this variation is due to cam variation. A 
careful check will show that the out-of-synchronism condition will 
always be higher as measured on the engine than if measured 
the distributor between its shaft and cam. This condition is due to 
variation in the gear train between the engine crankshaft and the dis- 
tributor drive. Measurements of this kind are quite difficult to make 
accurately since the plus or minus variation with 
ence lobe on the distributor cam will vary with speed. As checked 
against engine crankshaft, it will vary still further with 
ngine speed and load. 

On the distributor itself the total spread of out-of-synchronism con 
dition should not exceed 114 deg distributor or 


Variation 


only on 


respect to any reter- 


changes in 


* 3 engine deg. I should 
say at least 80% of the units tested in our plant do not exceed 1 deg 
distributor or 2 deg engine. The change in synchronism with speed 
seems mostly due to movement of the axis of the distributor shaft with 


the bearing, since a running clearance is necessary. When the shaft 
wobbles in the bearing a change in the synchronism condition results. 

Variations in the synchronism between engine and distributor are still 
greater. Any chain whip as a result of engine torsionals, or end play 
in crankshaft, cam shaft or distributor when spiral gears are used, will 
change this synchronism between distributor and engine crankshaft. For 
this reason I feel that the suggestion of selecting a particular lobe on the 
cam to meet engine peculiarities will not necessarily be 
much as previously stated the variation in synchronism 
respect to any reference lobe on the cam. 

For a long time we have had a project to develop an instrument 
which would measure the synchronism of the distributor with 1 


successful inas- 
changes with 
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Fig. H_ (Fitzsimmons discussion) — Fundamental circuit for 
instrument that measures the synchronism of the distributor 
with respect to the engine crankshaft 
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Fig. | (Fitzsimmons discussion) —Six distributors tested on a 
6-cyl engine — Engine No. | 


crankshatt under 
recently completed such 


to the engine various conditions of road operation. 
We have a device, the fundamental circuit ot 
which is shown in Fig. H. When testing a 6-cyl engine, pole shoes are 
equally spaced upon the engine flywheel 60 deg apart. 
reference points on the 


turbance trom the 


These shoes give 
tube, while the dis 
indicated on the screen in rela 
tive position to these reference points, gives the timing or spark advance. 
By using the ignition of all six cylinders on the electrical pickup, the 
out-of-synchronism condition is shown by the width of the band as in 
dicated by the extremes of the spark position on the screen. We do not 
have a great deal of information as yet since the device is difficult to 
mount on some In view of the limited work done 
are showing tests in only one chart, Fig. I. 
different distributors measured as units only, and same units 
mounted upon the engines. The ordinates of the curve indicate th 
deviation from perfect synchronism, whereas the abscissa represents the 
speeds at road torque. In these curves no effort has been made to ind: 
cate the synchronism of any particular cam lobe with reference to any 
other lobe, but only the total spread. 

You will note that the deviation from perfect synchronism with speed 
changes when the unit is tested alone or upon a car. The maximum 
variation as indicated on the units singly is 1% deg engine, 
these units showing as little as deg engine at some speeds. 

As related to however, this variation 
much as 5% with a minimum as low as 2% deg engine. 
Although our work is not complete, we have made additional tests on 


screen of the cathode-ray 


lgnition circuit, as 


engines. to date we 
This figure represents six 


thes« 


some ol 


engine flywheel, 


engine 


may be as 
deg 


other engines of the same make which indicate that these curves ar 
fairly representative of this particular engine. Our results show con 
siderably less variation than indicated by the authors in their paper 
when applied to engine and distributor together, and still less when 


referred to the distributor cam itself. Neither the car nor the distribu 
tors upon which these tests were made were selected or picked. 

In spite of my criticism, I wish to commend favorably the work done 
by Messrs. Blackwood, Kass, and Lewis and feel that this 
going to cause considerable activity along these lines in the 
departments of the engine manufacturers. 

The method of arranging special timing advance for the cylinder 
under investigation is quite ingenious. For those engineers, however, 
making tests on engines using our equipment, I believe it would bi 
possible to furnish at reasonable expense, a device consisting of a cam 
and breaker compartment which will mount upon the standard units. 
This equipment, being furnished with a single-lobe cam and an addi 
tional ignition coil, would be capable of furnishing a spark with special 
timing to the cylinder being investigated without additional complication 
or engine change. 


paper is 
engineering 


Recommends Adjustment for 
Correct Timing at 25 MPH 
—T.H. Risk 


Pure Oil Co. 


HE authors have presented a very complete survey of two factors 
affecting passenger car engine octane requirement, namely, mani- 
fold distribution and distributor cam-angle variations. 
Their work on manifold vagrancies is extremely interesting and useful 
since relatively few data are available on this subject. 
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It is disappointing, however, that, since they were considering causes 


for wide variations in octane requirements of cars, they limited their 
investigations to spark-timing variations caused only by uneven cam- 
angle spreads. Our experience has indicated that one of the most im- 


portant variables affecting the 
inability of 


road 
the distributor advance 


octane requirement of a car is the 


mechanism to follow the spark ad- 
vance vs. engine speed curve prescribed by the manufacturer. 


We have found that, in general, the same distributor 


will not func 
tion similarly in two cars of the same make and model nor will a 
bench test give a reliable idea of the advance characteristics of that 
distributor when installed in the car. It naturally follows that a cor- 
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rect spark timing at idling speed or with the engine stopped furnishes 
no reasonable guarantee that the spark advance will be substantially cor- 
rect at 25 mph or any other reasonable road speed. 

The spark timing vs. speed curves shown in Fig. J were obtained 
using a Chrysler Type spark advance indicator during actual road 
octane requirement tests of two cars, both of which are of the same 
make and model. The spark-advance indicator gives the average spark 
timing for all cylinders—the amount of variation from the averag« 
that may be caused by cam angle differences is not indicated. 

The two solid-line curves indicate the actual spark advance obtained 
when both distributors were adjusted to correct timing with the engines 
idling. The idling speeds of both engines were essentially the same as 
indicated by a belt speed indicator held against the fan belt. To obtain 
the average timing, the neon-tube stroboscope was placed in the sec- 
ondary lead from the coil. This arrangement removes any variations in 
apparent timing caused by recording the average of all cylinders in one 
case and not in the other. 

Numerous check runs indicated that the distributor-advance character 
istics of these two cars were consistent but obviously not the same. 

There was no reason to believe that these cars should have decidedly 
different octane requirements since they both had been run under sim: 
lar conditions with respect to fuel, crankcase oil, distances, and so on 

Since the maximum knocking speed of both cars was about 25 mph, 
both distributors were set to give the same advance at this speed. The 
results are as indicated. H-1 dropped from 62 to 58 octane requirement 
and H-2 increased from 52 to 59. 

Subsequent tests have indicated the value of this method for adjust 
ing spark timing, that is, adjust to give the correct spark timing at 
25 mph. This method greatly diminishes variations in spark timing 
from car to car at the speed of maximum knock. This procedure fails, 
however, if the distributor advance mechanism is not consistent. We 
have found many distributors that could not be relied upon to work 
the same way twice. 

The curves given in Fig. K are an example of this type of incon- 
sistency. This distributor was purchased new from an authorized deale: 
and put into service without changing the original adjustments in any 
way. I believe it is obvious that it was a practical impossibility to ob- 
tain a satisfactory octane requirement determination for this car. 

The curves given in Fig. L indicate the differences between a distribu- 
tor that had been in service for 20,000 miles and a new one that, ac 
cording to the instructions on the “box,” was adjusted at the factory 
and should not be altered. The light dot and dash line indicates th« 
W. O. T. advance that these distributors are supposed to follow. 

The important fact indicated by this discussion is that, although 
every one of the cars used was equipped with a distributor in good 
condition and timed according to the manufacturer’s instructions, not 


‘one of them gave the correct spark timing at the speed of maximum 


knock unless corrected to do so and that discrepancies of 10 or more 
octane numbers are the rule rather than the exception from this cause. 

If we add this variable to those given by Mr. Blackwood we have, 
1 believe, more than enough reason to explain the wide variations in 
octane requirements that are so often found. 


Another Device for Timing 
Individual Cylinders 


—R. J. Greenshields and L. E. Hebl 
Shell Petroleum Corp. 


N addition to the unique ignition system described by the authors, 

they also have developed an experimental procedure which can by 
used not only to demonstrate inaccuracies in ignition timing but also to 
measure differences in fuel distribution among the cylinders. In some 
points we can confirm their results for, in our study of distribution and 
related phenomena, we also have felt the need for a device with which 
the timing of individual cylinders could be controlled. To accom- 
plish this purpose we used a system differing slightly from the authors’ 
in that only one distributor body was used. This distributor was 
modified by mounting an extra pair of breaker points directly opposite 
the regular pair. These points, which are used to fire all of th lin- 
ders, are mounted in a fixed position with respect to th 


distributor 
body so that the tming obtained with them is controlled only by adjust- 
ment of the octane selector which turns the body of the distributor: 
Fig. M shows the two sets of breaker points in position. By eliminating 
the action of the governor weights, the cam has be 
integrally with the shaft. 

As the distributor originally was made in the factory, the regular 
set of points were mounted on a movable plate which ordinarily is 
connected to a vacuum-controlled diaphragm. This diaphragm has been 
removed and replaced by an adjustable pointer and degre« 
breaker mechanism is used in the modified 


en made to move 


scale. This 
distributor to time the 
spark for an individual cylinder. It is important to note that this pair 
of points can be advanced manually with respect to the fixed pair with- 
out stopping the engine or, in any way, upsetting other test condition 

A separate coil is used as shown in Fig. N which gives the wiring 
diagram. The high-tension current from this auxiliary coil first passes 
to the central post of a special ‘‘selector switch’? which has been 


con 
structed from a spare distributor cap and rotor. The six leads 


rom 
this switch are connected to corresponding contactors which have been 
mounted in the cap of the modified distributor. The high-tension cu: 
rent from the selector switch thus passes from the contactor to the 
rotor and to the regular spark-plug wire. When the rotor moves out of 
position, the other five high-tension impulses are prevented from jump- 
ing across the distributor cap by means of a protective grounded 
park gap. 

The high-tension current from either circuit tends to return to 
zround through the other circuit; this action is prevented by the in 
sertion of a gap in each circuit which provides resistance slightly greater 
than that of the spark plugs. 

This device gives much the same result as the one described by the 
authors, since it also has two complete circuits with two sets of breaker: 
points and two coils. However, it uses only one distributor body and is, 
therefore, convenient to mount in an automobile. If a distant-reading 
spark-timing indicator, similar to that developed by the Chrysler Corp. 
is used, the position of the two sets of points can then be controlled 
easily from the dash of the car by suitable cranks and a mechanical 
linkage. 


Using the equipment described, incipient-knock spark-timing curves 
we detuimined on a 6-cyl L-head engine. The data given in tl 





Fig. M (Greenshields-Hebl discussion) - Modified breaker 


mechanism 











March, 1939 


table are representatve of the variation 1 
vance among the cylinders 


highest allowable spark ad 


Spark Timing at Incipient Knock tor Each 
Cylinder of a 1937 Plymouth Using a Leaded Fuel 


Commercial Fuel A 
Spark Timing 


Limits Maxi- 

Cylinder Up- mum 

2 } { 5 ‘ per Lower Spread 
rpm * . 
1000 12 7 10 s 12 8, 2 7 
2000 23 1&8 6 26 2014 19, 26 18 +) 
2000 301 23 33 35 301. 26 35 23 12 

Commercial Fuel B 

1000 9 if 6 5k, S - g 5a 314 

2000 151. 10 20% 17 12 14}., 20% 10 10% 
3000 22 19 21% 2) 19, 22 2 19 3 


It is obvious that the cylinder which has the lowest allowable spark 
advance at any given speed will be the one which knocks the loudest 
at that speed when the spark is advanced with an ordinary distributor. 
The worst cylinder in the foregoing tests was Cylinder No. 2 with 
Fuel A at all speeds and with Fuel B at 2000 and 3000 rpm. However, 
at 1000 rpm Fuel B knocked loudest in Cylinder No. 4. This result 
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Fig. N (Greenshields-Hebl discussion) -—Wiring diagram for 
modified distributor 


may explain the change in the “quality” of the knock which some 
times occurs at different speeds; the knock may occur in different 
cylinders at different speeds. 

It is also possible that the effect of speed on the knocking tendenc 
of individual cylinders might change the picture illustrated in Fig. 9 
of the paper. The authors prepared this diagram from data obtained 
at 20 mph engine speed, though the results might be different at 
another speed. 

We are in sympathy with the authors when they say there is much 
to be done in development work to improve existing conditions by 
engine manufacturers. We also wish to point out the fallacy of try 
ing to determine octane requirements for various makes and types ol 
engines when even the cylinders of one engine may vary as much as 
25 octane units and more. 


Stresses Economic Phase 
of Problem 


—John M. Campbell 


Research Laboratories Division, 
General Motors Corp. 


HE authors’ paper, as well as other papers read before this division 
at this meeting, indicates certain points where further refinements 
in design might be desirable, particularly from the detonation stand- 
point. Just how far such refinements actually can be carried into pro 
duction multicylinder engines depends on many different factors. Onc 
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ot the most important ot thes 


cussed, is the economic factor 


which has not yet been di 


Control of variations in ignition timing is a problem in the selection 


41 suitable production limits. In establishing limits which are economi 


cally sound, a careful appraisal of the entire situation has to be 


made 
We want to know what gains will be made by 


closer control and to 
what extent these gains will be reflected in the overall operation of the 
car in typical customer service; and what will it cost? Then, 
ound choice of limits for ignition timing depends somewhat on thx 
xtent to which other variables affecting knock, such as mixture di 
tribution and carbon formation, can be controlled. 


too, a 


With regard to mixture distribution, the statement is made in th 
conclusion of the authors’ paper that present-day cars are not capitaliz 
ing on the continued efforts of the petroleum industry to provide fuc 
of better volatility. I would like to know if this is really so, or wheth« 
possibly some of us just happen to be thinking about this problem fro 
1 different point of view 


For instance, without deparung from conventional fuel induction 


tems, the fuel-distribution picture could be made to look a lot better 
simply by adding more heat to the mixture. 


Sut this expedient would 
involve a loss in power. So a compromise 


has to be made between loss 
in power and poor fuel distribution. From this point of view, on 
might say that, in trying to take full advantage of the more volatil 
fuels through the use of the lowest possible mixture temperatures, pres 
ent designs have, if anything, gone too far, in so far as mixture dis- 
tribution alone is concerned, rather than not far enough. So without 
considerable departure from conventional induction systems, it is difh 
cult to see just how the designers can utilize the more volatile fuels 
to much better advantage than they are now. In this connection, it 
might also be noted that the requirement that the car shall operate with 
all kinds of fuel under all kinds of conditions with a very 
of adjustment of the fuel system tends to militate against 
tions 1n pertormance between fuels of different volatilities. 
By resorting to departures from conventional fuel induction 
is Mr. Kass and his associates have done, it 


minimum 


large varia 


system 
seems reasonable that con 
siderable improvement in fuel distribution at full throttle it be 
such an 
would be expected that gains would be made on all fuels re 
vardless of volatility. And to the degree to which this condition is so, 
then, the real problem is not how to utilize only the 
to better advantage, but how to utilize 


mig 
ittained without raising present mixture temperatures. In 
event, it 


more volatile fuels 
all fuels to better advantage and 
enough better at full throttle to make an appreciable saving to the 
tomer in the overall operation of the car. 
this job will have to be done in 


cus 
It goes without saying that 
a practicable and economical way, and 
in a way which will not sacrifice any of the standards of 


performance 
to which car users are now accustomed 


Authors Explain Apparent 
Discrepancies 
~A.J. Blackwood. C. B. Kass. and O. G. Lewis 


Standard Oil Development Co 


HE general tenor of the discussion is very encouraging as giving 

indications of a definite interest in the problem of distribution. A\l- 
though the phenomenon has been the subject of much discussion, there 
is still a vast amount of information to be obtained. 

In our Table 6, Mr. Bartholomew questioned the position of the 
reference-fuel blends as not showing distribution differences indicated 
by Fig. 3. The reason for the apparent discrepancies was due to a 
slight change in operating conditions. The data in Fig. 3 were obtained 
at constant carburetor adjustment, whereas the data in Table 6 were 
given with the carburetor adjusted to produce an identical overall mix 
ture ratio for each blend. 

Mr. Bartholomew also questioned the technique of obtaining exhaust 
gas samples. The engine was equipped with separate exhaust stacks, thus 
eliminating any possibility of dilution or mixing from cylinder to 
cylinder, and the samples were withdrawn at the port. This method 
avoids the possibility of obtaining a sample which might be affected 
adversely by stratification in the cylinder. Concerning the variation in 
spark timing, the authors merely presented data for a few distributors 
from which those specific conclusions are justified. A statistical analysis 
is required to show the average magnitude and the limits of deviation. 
It is interesting to note in Table 5 that 8 of the 12 distributors tested 
showed variations not unduly large. As pointed out by Messrs. Risk, 
Eisinger, and Greenshields and Hebl, variations in timing which actually 
occur on the road show a wide swing for the same distributor and affect 
detonation much more than variations in cam contour. 
Mr. Fitzsimmons, further attention should be given 
this problem. 

The oscillograph studies made by Mr. Mount demonstrate the prac- 
ticability of a rapid method for determining the knocking pattern in a 
multicylinder engine, and this method should provide a handy and easily 
used research tool. 

These investigations have indicated the desirability of changes in en- 
gine and ignition-system design but, to quote Mr. Campbell: “This job 


As indicated by 
cooperatively to 
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will have to be done in a practicable and economic way, and in a way 
which will not sacrifice any of the standards of performance to which 
car users are now accustomed.” 





Duration of Combustion in a 
Commercial Diesel Engine 


(Concluded from page 124) 


injection as late as 12 deg before TDC. Fuel rates were 
determined for these six fuels in three different engines. 


Speed, [hp per 
Engine rpm Cylinder Bhp 
1-cyl, open-head : 1245 7.0 5-0 
1-cyl, Fairbanks, Morse & Co. 1245 11.6 7.7 
6-cyl, Fairbanks, Morse & Co. 1200 11.0 45.0 
6-cyl, Fairbanks, Morse & Co. 1200 13.5 60.0 
6-cyl, Fairbanks, Morse & Co. 1200 15.0 69.0 


The open-head engine just referred to is the test engine 
which was constructed at the University of Wisconsin in 1931. 
It has been described in a previous paper.' 

The 6-cyl engine is a 4-cycle diesel engine, manufactured by 
Fairbanks, Morse & Co., rated 60 hp at 1200 rpm. The cyl- 
inders and combustion chambers of this engine are identically 
the same as in the 1-cyl, 4% x 6 in. engine with which the 
combustion studies were made, using the same fuels (Figs. 10 
and 11). However, there is one important difference between 
the two engines: the 6-cyl engine has cast-iron pistons, whereas 
the 1-cyl engine has an aluminum piston. The manner in 
which the 6-cyl engine was mounted in connection with an 
electric dynamometer for test is shown in Fig. 13. 

The fuel rates for the 6-cyl engine, as plotted in Figs. 12 
and 14, are not single-point determinations. Rather, they are 
values read from a curve which was established for each fuel 
over a wide range of fuel-injection angles. Only the full-load 
curves are shown in Fig. 15. The fuel rates obtained from 
these curves were taken for a fuel-injection timing of 12 deg 
before TDC, the normal timing, and are shown in Figs. 12 
and 14 plotted against cetane numbers. 

Considerable data are available which show that the fuel 
rate of a diesel engine is improved by using fuels of higher 
cetane number.® The graphs of Figs. 12 and 14 substantiate 
this general tendency. However, there are a few details in 
this connection which are worthy of further consideration. 

With both the combustion information and the fuel-rate 
data available, it is desirable to coordinate their meaning. It 
is apparent from Figs. 12 and 14 that the use of a higher- 
cetane fuel improves the fuel rate at full load or less than full 
load; but, for overloads, the fuel rate is generally higher for 
fuels of very high cetane number. The special fuel (No. 40, 
Cetane No. 87) which was made by a wax-cracking process 
seems to be an exception in this respect. When more fuel is 
injected into the engine, after-burning has a more serious 
effect upon fuel economy. It has been shown by Figs. 10 and 
11 that, with increased engine load, the higher cetane-number 
fuels have a greater tendency for long periods of after- 
burning. When fuel is burned late in the expansion stroke, 
its effectiveness is reduced greatly. 

It has been pointed out that a short combustion period 
might mean either or both of two things: fast burning, or 
failure to burn completely. It is known that a long ignition- 
lag period is followed by extremely rapid burning, but this 
condition is only part of the reason for the short combustion 
period shown for the low-cetane fuels. The accompanying 
high fuel rate indicates that the fire “goes out” before com- 
~ @ See ASME Transactions, Vol. 60, No. 2, February, 1938, pp. 137-144: 


“U.S. Navy Correlation of Laboratory Tests on Diesel Fuels with Service- 
Engine Operation,”’ by W. F. Joachim. 


bustion is completed. This belief is supported further by the 
appearance of white vapors in the exhaust. 

In running tests on the two high-turbulence engines, it was 
found that the most efficient timing of fuel injection is close 
to that selected by the manufacturer, 12 deg before TDC. It 
is fortunate that this condition holds true for this engine for 
all fuels and all loads included in this series of tests. It was 
found that, with this fixed injection timing, the difference in 
ignition lag changed the time of the start of combustion from 
about 4 deg before TDC with a high-cetane fuel, to about 
5 deg after TDC with a low-cetane fuel. The fact that the 
minimum fuel rate occurs at the same injection timing for all 
fuels is an indication that, for maximum efficiency, a high- 
cetane fuel should start to burn earlier in the engine cycle than 
a low-cetane fuel. It is probable that the longer ignition lag of 
the low-cetane fuels is offset by their higher rate of original 
burning. 

With a very low-cetane fuel (No. 36, Cetane No. 25), Fig. 
15, it is apparent that the range of fuel-injection angles is 
more limited than for the other fuels. The reason for this 
condition is the fact that the engine will not tolerate late 
injection of this kind of fuel. At late injection, combustion is 
chilled by expansion before enough heat has been liberated to 
sustain combustion. 

The determination of fuel rates for fuels of different cetane 
number for an engine operating with fixed injection timing 
may produce confusing results. Observe the crossing of curves 
33-60 and 37-49 in Fig. 15. Between fuel-injection-advance 
angles of 13 to 9 deg before TDC, the 60-cetane fuel (No. 33) 
has the lower fuel rate; but, for any other fuel-injection 
timing, the 49-cetane fuel (No. 37) has the better economy. 
This unexpected occurrence is all the more surprising in view 
of the fact that fuel No. 33 (Cetane No. 60) is a 50-50 blend 
of fuels numbered 37 and 29, having cetane numbers of 49 
and 74 respectively. Thus, under certain conditions, such a 
blend can show a higher fuel rate than either of the two fuels 
from which it was blended. 


Acknowledgment 

This paper was made possible through the helpful co- 
operation of the Wisconsin Alumni Research Foundation, the 
University of Wisconsin College of Engineering, Fairbanks, 
Morse & Co., and the several oil companies who contributed 
fuel. To these organizations as well as many individuals in 
these organizations and among the student body, the authors 
are deeply grateful. The assistance of Prof. L. A. Wilson in 
revising the manuscript is duly appreciated. 


Needed Tire Improvements 


HE authors have endeavored to indicate the lines along 

which automotive engineers believe tire improvement 
should be made, but they do not feel qualified to suggest the 
way by which these improvements can be made available to 
car owners. The principal items to be improved are: 1. a 
further increase in mileage through reduced tread wear; 2. a 
reduction in tire noises commensurate with the noise reduc- 
tion in the rest of the car; 3. an improvement in the “corner- 
ing power” of tires; and 4. a reduction in the porosity of the 
tubes. It is also hoped that the tire engineers will extend their 
education to the automotive engineer in a better understand- 
ing of tire design and construction so that he can, from his 
own knowledge, judge the effect of various changes. 

Excerpt from the paper: “Passenger-Car Tires as Seen 
Today by the Automotive Engineer,” by W. S. James, Stude- 
baker Corp., and P. C. Ackerman, Chrysler Corp., presented 
at the Annual Meeting of the Society, Detroit, Mich., Jan. 12, 
19 39. 


















































The Car of the Future 


By Henry M. Crane 


Technical Assistant to the President, General Motors Corp. 
Pp 


OMORROW’S car surely will differ from to- 
day’s if for no other reason than the require- 
ments of human nature, Mr. Crane points out. 


Accordingly, he expresses his belief in change for 
the sake of change alone. 


The course of future motor-car design will be 
determined very largely by the available fuel or 
other source of power, and by the materials avail- 
able for construction, Mr. Crane predicts. Dis- 
cussing the problems that impede the adoption of 
the rear-engine arrangement in _ passenger-car 
production, he takes up space arrangement, 
weight distribution, directional stability, cooling, 
cost, and performance. 


Many features of today’s cars, adopted to pro- 
duce a streamlined appearance, seriously interfere 
with safety and vision, Mr. Crane contends, men- 
tioning low seats, the increasing slope of wind- 
shields and rear windows, rounded roofs, and high 
belt moldings. Because of its size and cost, he 
feels that the 3000-Ib car will continue to be the 
backbone of production. 


In short, Mr. Crane outlines why the motor car 
is what it is today and uses the history of its 
present development to foretell its future. 


VER a long period of years I have been required to 

think seriously about the car of the future. There is 

only one detail of which I am absolutely certain. The 
car of the future will surely be different from the car of today. 
This is a requirement of human nature and has nothing what- 
ever to do with engineering advantages or disadvantages. 
Human beings are always restless and continually looking 
forward to something different in the hope that it may be 
better. 

The automotive industry is one of the outstanding mani- 
festations of this human attitude of mind. The urge to travel 
is the desire for new scenes and new experiences, and the 
personal transportation furnished by the automobile has pro 
vided a wonderful outlet for such ambitions. 

To many people the automobile is their most outstanding 
personal possession. This is why appearance is so important, 
and a continual modification of appearance is equally impor- 
tant. The tag of up-to-dateness is practically essential. 

The motor car of today is a tremendously improved vehicle 





{This paper was presented at the Metropolitan Section Meeting of the 
Society, New York, N. Y., Jan. 19, 1939.] 
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over even the motor car of 10 years ago, but mechanical 
changes of a radical character have been few and far between, 
and those that have taken place have had little effect compared 
to styling. We even have had mechanical advantages attrib- 
uted to the result of styling, advantages which have existed 
only in the minds of the advertising department and which 
are contrary to the facts. 

I think that you will realize from the foregoing remarks 
that I believe wholeheartedly in change for the sake of change. 
The important responsibility of the engineer is to advance 
continually along all lines, making sure to lose no practical ad- 
vantages as the cost of advancement. 

If we must look forward to change, have we any perma- 
nent factors to help us in our thinking? We do know that 
human beings will not change much in their physical char- 
acteristics in the next 100 years. This knowledge is only a 
little help, however, because past history proves that the per- 
sonal point of view towards surroundings is continually 
changing. Car owners have shown over and over again that 
they will accept a certain degree of discomfort in payment for 
what they consider, at the time, to be more attractive appear- 
ance. However, we seem very nearly to have reached the 


bottom in this respect and will not have to consider it so much 
in the future. 


Importance of Fuel 


The motor car, as at present designed and constructed, is 
the product of definite available materials. One of the most 
important of these materials is the fuel. The others are the 
various materials used in construction, and the methods of 
fabrication that can be used with them. 

The fact that the present-day motor car is constructed 
almost entirely of cast iron and low-grade steel is no accident. 
The low cost of such material, coupled with its adaptability to 
present methods of fabrication, is an outstanding advantage, 
while physical characteristics are important also. One of the 
most important physical characteristics that is overlooked fre- 
quently, even by some engineers, is the modulus of elasticity. 
Ninety per cent of the design of any motor car is made around 
this characteristic, and very little of the design is dictated by 
the importance of high tensile strength or the like. I am now 
discussing the motor car solely as a vehicle and not with refer- 
ence to its appearance. 

The course of future motor-car design will be determined 
very largely by the available fuel or other source of power and 
by the material available for construction. Therefore, in fore- 
casting the future, possibilities of change in these materials 
must be given the first consideration. As far as the fuel is 
concerned, we can look forward legitimately to a useful fur- 
ther improvement, especially as to antiknock qualities. We 
are certain to be able to get more power per dollar from our 
powerplants in the future than we have in the past. This 
change, however, will be a gradual one and will not produce 
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a really revolutionary alteration in conditions in the next 10 or 
15 years. 

As far as materials of construction are concerned, the field 
is not particularly hopeful. A tremendous amount of research 
work has been done in the last 20 years, and the results have 
proved to be extremely useful in certain industrial lines. The 
ordinary passenger automobile has not yet been able to make 
use of such materials; partly because of excessive cost; partly 
because of inferior physical characteristics, especially modulus 
of elasticity; and partly because of the greater difficulty in 
fabrication, the latter being an important element in final cost. 

I am not going to speculate on what we might do with 
automotive design if we had some entirely different type of 
motive power. In the space available, I do not think that I 
would be justified in discussing the possibilities of other mate- 
rials of construction. A new form of motive power easily 
might cause a revolutionary change in car design. It is not 
particularly probable that the use of lighter material would 
have this effect. I think that the best interests can be served 
by outlining briefly why the motor car is what it is today, and 
discussing how the history of the present development, or the 
influence surrounding it, can be used in foretelling the future 
as well as human nature permits. 


Present Design a Compromise 


In my mind, there is absolutely nothing sacred about pres 
ent motor-car design, even though it has reached its present 
status under the influence of mass intelligence. It is a com 
promise, because every engineering construction must be a 
compromise, and is therefore easily subject to criticism of 
particular details or from particular points of view. 

There is no question that some of its characteristics and 
some of its dimensions are based on requirements of other 
years which no longer have any bearing on the case. The 
railroad suffers from definite limits of width and the tread of 
the automobile in this country was dictated by similar con- 
ditions. Fortunately we have had a pretty free hand in this 
country in most respects, and have profited accordingly. 

We must remember, however, that there has been some sort 
of reason behind every feature of motor-car design and that a 
knowledge of these reasons is not only helpful in progressive 
engineering but practically essential to any forward-looking 
program. What has been done in the past is only important 
if we know why the original decision was made. 

In designing any vehicle and especially in attempting to 
take a radical forward step, it is important to consider every 
feature and every dimension from the preceding point of 
view. I am always surprised at the number of features and 
the number of dimensions that exist because of past reasons 
that are no longer binding. 

Bearing in mind the assumption that we can not foretell 
legitimately a new type of motive power, or structural mate 
rials of such remarkable characteristics as to permit radical 
change in design, let us consider what may be possible in the 
form of change and, let us hope also, improvement. 

We can say that the present automobile uses its length for 
the transportation of two rows of passengers, some baggage, 
and a powerplant. The second point of importance is how 
many passengers are to be carried in each row. In this Coun- 
try, we are rapidly approaching a standardized form of three, 
whereas abroad, because of limitations of weight and space, 
the two-passenger seat is still common in a large part of the 
production. 

In the present conventional design of motor car, the power 
plant is placed ahead between the front wheels, the passengers 
in the center, and the baggage at the rear. The steering is 
done by the front wheels and the drive is through the rear 
wheels. Weight distribution is fairly even over all four 


wheels. Appearance is based on what is commercially known 
as streamlining, with practically no consideration for the real 
implication of this word. 

The three-passenger seat has come little by little over a 
period of years and is now a practical reality in 95% of the 
American production. It is interesting to note, however, that 
the longitudinal space allowed for passengers is no greater 
now than it was 10 years ago. In some cases it is even less. 
There has been a great change in the overall height of cars, 
due to a really radical change in road clearance and also a 
marked change in headroom. Road clearance has been cut 
over 4 in. below what was necessary for reasonable satisfaction 
before the War. Headroom has been cut to the limit that is 
physically possible. The old trunk rack has disappeared be- 
cause even greater baggage room is provided within the body 
structure. It is interesting to note that most of these dimen- 
sional changes have been the result of designing for changed 
appearance fully as much as for any other reason. 

There is no question that greater overall length has added 
to the attractiveness of our smaller cars because they started 
out being much too wide for their length. They were also too 
high for their length. These reasons, after the War, were 
backed by a demand for streamlining. This demand was 
supported by alleged wind-tunnel results that have never been 
duplicated on the road. Since that time streamlining has been 
the badge of up-to-dateness in all forms of industry, and we 
must continue with it and make the best of it. 

In construction we have gone through a similar type of 
change. The all-steel body has received tremendous advertis 
ing support, and the public has been glad to accept some of 
its obvious advantages. The fact remains, however, that some 
of the composite wood-and-steel bodies, after the adoption of 
the all-steel roof, were actually more resistant to accident dam 
age than the present all-steel jobs. It is interesting to find that 
the wood that finally was removed from our body construc 
tion has been replaced almost entirely by rubber and various 
other forms of sound-insulating materials. 


Many Modifications Tried 


During the long development period, a number of major 
modifications in arrangement have been suggested, and pra 
tically all of them have been tried. We have steered from the 
rear wheels; we have applied the motive power to the front 
wheels while still using them for steering; and we have tried 
the arrangements where the engine is placed in the part of the 
car now usually used for baggage, or sometimes under the 
floor of the passenger compartment. Attempts at rear steering 
were discontinued long ago because of obvious disadvantages 
in ordinary traffic driving. Driving on the front wheels has 
been tried in this country and is still being used abroad to a 
small extent. This arrangement proved to be rather heavy 
and expensive and would not, in production, produce the 
favorable results in driving that were predicted for it. The 
one outstanding advantage of this arrangement was the re 
moval of the machinery from under the floor of the car, thus 
allowing a very low floor to be used if desired. The rear 
engine arrangement is extremely interesting on first inspection 
and has, for that reason, been given a great amount of con 
sideration. I can assure you that it is not stubborn conserva 
tism that has prevented the use of this type of design in 
production before this time. I am now speaking of the pas 
senger motor car in the low-price field because, of course. 
rear-engine design is common in motor coaches where the full 
advantages of this arrangement can be realized. 

There was really a great deal of extra pressure behind the 
rear-engine arrangement in the early days of streamlining 
propaganda, the Burney Car being an example of this think 
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possible with the rear-engine job than with the conventional 
arrangement, and that there are some other very serious prob 
lems caused by such an important change in weight distri 
bution. 

Let us consider first the best use of the available volume in 
the overall length of the motor car structure. The space be 
tween the front wheels, as long as these wheels are used for 
steering purposes, is necessarily very restricted in width, 
which means that it is highly desirable to keep the front 
wheels ahead of the front compartment toe board. With our 
present, very low-hung cars, the centerline of the rear axle can 
not be ahead of the back of the rear seat, because of inter 
ference with the rear cushion. Our wheelbase obviously is 
fixed as a minimum by the necessary length of the passenger 
space. 

It is now pertectly possible to put an engine of sufficient 
power between the front wheels without moving them any 
further forward than just described. It is hard for me to 
believe that it would be an efficient use of available capacity 
to put the engine in the baggage compartment where it would 
take up most of the available room and leave nothing in 
return but a cramped and inaccessible space in front. We 
certainly do not want to put the gasoline tank in any such 
dangerous location. 


Problem of Weight Distribution 

Granting that we were willing to make this exchange, we 
still have a far more important problem of weight distribu 
uon. Intensive experimental work during the last five years 
has given us an entirely new grasp of the factors involved in 
the control of motor vehicles at high speed. It is just as im 
portant that a motor car shall have inherent directional stabil 
ity as that an airplane shall possess this quality. This direc- 
tional ability in a motor car is almost entirely due to a correct 
relation between the ability of the front and rear tires to pro- 
duce lateral resistance. Tire size is the outstanding feature 
that governs the ability to produce lateral resistance. The 
bigger the tire under a given load, other things being equal, 
the greater the lateral resistance that can be developed. As 
long as the front tires have slightly less ability in this direction 
than the rear tires, the car will tend to proceed in a straight 
line. This is what we call under-steering. When the front 
tires have more ability than the rear, then we have an in 
herently unstabilized condition through what we call over 
steering. 

For this reason, if we use the same tire equipment on all 
four wheels, it is highly important to maintain a fairly uni 
form weight distribution. If we were willing to use consider 
ably larger rear tires, or even to use twin tires on the rear axle, 
we would have an entirely different problem and would be 
able to distribute our weight accordingly. It is the twin rear 
tires that make the rear-engine motorcoach possible. 

Most of you are familiar with the recent Douglas develop 
ment of a tricycle landing gear, small wheel in front, on their 
big four-motored airplane. They report much better handling 
characteristics on the ground with this arrangement than with 
the small wheel at the rear. This result is nothing at all but 
the effect of changing from an over-steer job to an under 
steer job. 

I have assumed, so far, that the rear-engine car could be 
built for the same cost as the front-engine type. As a matter 
of fact, no study so far made has indicated this condition to 
be possible, at least if we continue to use a water-cooled 
powerplant. We must add to the difficulty of handling the 
cooling system, the difficulty of arranging for satisfactory 
gear-shifting. Both these details have been a source of head- 
ache to the designers of the modern motorcoach. 

The air-cooled engine would solve one of these difficulties, 
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and that has been the answer adopted by Germany in their 
approach to a low-cost “people’s” car. There has been ample 
experience with air-cooled motor cars in this country, and 
some very able work has been done on their design. The air 
cooled engine has not given satisfaction for a number ot 
important reasons which have not been at all compelling in 
the case of engines for use in airplanes. 

The public rightly or wrongly has come to demand a high 
degree of smoothness and silence in engine operation and also 
a wide-range flexibility. The first two qualities can be ob 
tained only by a high degree of rigidity and quite a bit of 
weight in the engine structure, and probably also are helped 
by a fairly uniform temperature of operation. The water 
cooled automobile engine, due to its extremely rigid construc 
tion, is able to operate at much higher compression ratios than 
do commercial airplane engines and, thereby, to achieve a fai 
higher degree of flexibility in performance. 

The airplane engine is pretty much of a one-speed device 
for any given power and, in regular airline work, it is oper- 
ated with constant attention to speed, manifold vacuum, and 
cylinder temperature. Cooling is another problem of impor 
tance and the air-cooled engine should be equipped with a 
variable-speed fan to avoid excessive power loss under some 
conditions. The airplane is a constant-speed vehicle as far as 
the wind is concerned, compared to any motor car. 

My attitude so far may appear to be extremely negative. 
This is, however, not the case. I believe that there is still a 
great deal of work ahead for the engineer, but it can be car 
ried out only as it should be if full attention is paid to what 
we have educated the public to accept at this time. It seems 
to me that the immediate future presents a challenge to us to 
produce a considerably more practical vehicle and a much 
safer vehicle without sacrificing present desirable qualities. 
From a sales point of view, appearance is a most important 
quality, but appearance actually is largely a state of mind, and 
something can therefore be done if we agree that present con 
cepts of appearance do not conform to important safety re 
quirements or worth-while matters of convenience. 


Lowness Impedes Vision 


The whole automotive industry has campaigned tor years 
toward the low motor vehicle, and has thereby assumed re- 
sponsibility for increasing seriously the problems connected 
with safety in operation. 

We may put our ear to the ground to obtain a longer range 
of hearing, but no one ever suggested putting the eye to the 
ground so as to see better. In rolling country in the daytime, 
or anywhere at night, the low driver’s seat seriously interferes 
with proper vision and, at night, increases the trouble by glare 
from approaching headlamps. Unfortunately this trend’ to 
ward lowness has been accompanied by a continual increase 
in the road speed of motor cars. There have been many 
“phony” claims of advantage, such as much lower center of 
gravity, but motor cars roll over today just as often as they 
ever did. The biggest gain in stability undoubtedly has come 
from wider tread. Unfortunately, when we began to lower 
the seats, we lowered the roll axis even faster and, from the 
point of view of sensation, we have been trying to catch up 
with ourselves ever since. The passenger’s feeling of height 
comes largely from the height of the seat above the roll axis. 

Streamline styling has led us into another undesirable situa- 
tion in connection with the fenders. They have become large, 
heavy, and expensive. They are far from beautiful and are all 
out of proportion to the size of the vehicle. There seems to be 
two possible ways to improve this condition: either to increase 
greatly the body width or to decrease the vehicle tread. 

There undoubtedly is a present trend toward doing away 
with the running board. The real reason for this trend is that, 











with the very low cars that we are now building, the running 
board is in the way. Unfortunately the running board is still 
an important part of the fender system of protection against 
road drift of all kinds. In my opinion we will end up with 
real running boards or none at all, the present half-way ar- 
rangement being less satisfactory than either alternative and 
not particularly good looking at that. My prognostication, 
however, is that running boards will come off. 

Streamline styling has been responsible for two serious 
obstructions to vision. Heavily rounded roofs and corners and 
high belt moldings, including hoods. Belt moldings went up 
at the same time that seats were going lower, two elements 
thus working in the same unfortunate direction. I regret to 
say that the public seemed to like the appearance produced 
more than enough to offset any objections to the lack of 
vision, and is not yet ready for a big change in this respect, 
in spite of occasional complaints about not being able to see 
the fenders any more. There is no question that the high belt 
molding tends to give a car a more impressive appearance of 
size, and the public still likes to get what it believes to be 
most for its money. There is certainly no practical advantage 
in having a car door so low that it makes either entrance or 
exit an acrobatic stunt; yet I know of one German car where 
the door height is only 39 in. above the sill, whereas something 
like 45 in. is none too much for comfort. It is a definite chal- 
lenge to the industry to regain many of the safety features of 
better vision and of greater comfort, while still giving the 
public what they desire in appearance. 

Another change has come over our picture due to streamline 
styling, and that is a constantly increasing slope to the wind- 
shield and to the rear window. I am not claiming any great 
power for our commercial windshield wiper, but it would be 
asking too much of any device to handle conditions on a 
windshield with a 30-deg slope with any considerable car 
speed. Vision through compound safety glass at a 30-deg 
angle, even if the glass is perfect, is not so good, whereas 
irregularities in the commercial product are a far more serious 
matter. A good view through the rear window is a desirable 
safety feature; yet this view is obscured under a number of 
weather conditions if the window is sloped heavily. 


Economy of Operation 


The really difficult problem ahead of us is what to do about 
economy of operation. New-car buyers do not yet show suff- 
cient interest because the real economy-minded purchaser 
ordinarily buys a used car. I do not think that the economy- 
minded buyer will be willing to sacrifice size to any great 
extent or the weight that will accompany it, for some time 
yet. I believe that the proper economy car will still weigh 
somewhere in the neighborhood of 3000 lb, unless we can 
educate the public into going back from six-passenger cars to 
four-passenger cars. 

The real question is, can we get a new-car buyer to accept 
performance characteristics that will really be economical later 
on in the used-car market? This condition would mean small 
engines and less cubic feet per ton-mile, and is much the 
shortest road to real improvement in operating economy. Top 
speeds of over 60 mph are certainly not economical in cars of 
the present amount of head resistance. Our proving-ground 
records indicate that the present run of large production cars 
show considerably less than one-half the mileage at top speed 
than they are capable of at more moderate speed. 

We undoubtedly have arrived at our uneconomical condi- 
tions because of the continued improvement in fuel. In other 
words, our cars of today are not nearly as bad on gasoline 
mileage, compared with cars of 20 years ago, as their specifi- 
cations would suggest. The two things that I would class as 
being most luxurious in the modern low-priced motor car are 
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appearance and fancy performance both as to top speed and 
hill-climbing. Fortunately the appearance, except so far as it 
increases weight, has no bearing on the cost of operation and 
is therefore not a handicap in the used-car field. The per- 
formance characteristics are a permanent and _ increasing 
charge against the cost of operation. There is another thing 
that the engineers can do to safeguard the used-car investment 
and that is to stick to the greatest possible measure of sim- 
plicity and absence of gadgets in the original construction. 

I will explain a little more fully why I believe that the 
chances are in favor of the 3000-lb car continuing to be the 
backbone of our production. The size is the first reason, and 
the first cost is the second. 

We certainly do not know how to build a six-passenger car 
substantially less in weight without raising the first cost con- 
siderably or discontinuing many of the important comfort 
features to which the public has become accustomed. 


Advantages of Thick Sheets 


The thickness of sheet metal now used is determined almost 
entirely from economic considerations and very little from 
reasons of overall mechanical strength. If the fenders are too 
thin, they become easily dented by stones, and the public does 
not like it. It is also difficult to make the present complicated 
fender shapes of extremely thin material. Body sheets have 
got to be stamped and welded after they have been originally 
rolled in the steel mill. There comes a time in rolling where 
a thin sheet will cost more than a thicker sheet per square 
foot, while the process of fabrication is always cheaper on 
thicker material. Engine castings have to be designed largely 
from the foundry point of view, and the sections are heavier 
than required by mechanical design. The latter is one of the 
reasons why the number of engine cylinders should be re- 
stricted in smaller engines. 

The fact remains that the 3000-lb car unquestionably can 
be built at a considerably lower cost per pound than can a 
2500-lb car in equal volume. There is good reason to believe 
that even heavier cars might be cheaper per pound. It is con- 
ceivable that present weights could be reduced considerably 
without curtailing size by the use of light-weight material. 
Unfortunately, the cost unquestionably would be higher, even 
if we sacrificed some of our standards of rigidity and safety. 
The only advantage that can be claimed reasonably by lighter- 
weight motor cars would be some form of economic advan- 
tage, either in first cost or in the cost of operation. 

Our experience in the last 10 years indicates that saving in 


' first cost is considerably less than the sacrifice demanded in 


important characteristics that the public justifiably demands. 
The cost of operation is always greater for the heavier car, 
other things being equal, but any engineer with the help of a 
slide rule can show you that a 2500-lb car with present per- 
formance characteristics would cost more to operate than a 
3000-lb car with some of the less important performance char- 
acteristics omitted. 

A 3000-lb car, equipped with a moderate-size 4-cyl engine 
and geared to about go cu ft per ton-mile with limited top 
speed, would show a very important saving in operating costs 
over present cars of that weight. Speed, rapid acceleration, 
and heavy braking are the big elements of operation cost. It 
is no trick at all to double tire mileage by holding the speed 
down to a reasonable amount and by driving with considera 
tion. A great saving in gasoline and oil consumption can be 
made in the same manner. 

In this Country new-car buyers are not in the slightest 
degree economically-minded. They show no interest in pay- 
ing even as much for any economy car as they are willing to 


(Concluded on page 153) 

















Manly, The Engineer 


By C. B. Veal 


Research Manager, Society of Automotive Engineers 


HE life of every person, viewed with imagination and 

perspective, is a story replete with interest. No matter 

how commonplace his span of years may have seemed to 
be, they have encompassed the comedy of pleasures enjoyed, 
the drama of obstacles overcome, the tragedy of frustration 
and dispelled illusions. 

How truly does this apply to Charles Matthews Manly, who 
had a full and stirring life! In his first job he entered into a 
field unfamiliar to him and explored up to that time only by 
a few daring and original thinkers. In his early manhood, 
with no specific qualifications or experience, he undertook a 
task that others, distinguished by long experience and _note- 
worthy achievement, said was impossible; and, in its accom- 
plishment, he shot far beyond the “impossible” goal. With 
full realization of the risks involved, he staked his life in 
furthering the development of a new instrument of trans- 
portation, industry, and war. Unselfishly, he gave to the 
world the fruits of his brilliant thought and unremitting toil. 
In his later years, the pattern of his youth was repeated. 
Again he entered public service; again he achieved results 
without precedent. His private practice of his profession, al- 
though less spectacular, was distinguished by astuteness and 
ingenuity. Death took him as he forged ahead, at the height 
of his powers, before the lagging world accorded him his 
rightful fame. 


Early Airplane-Engine Development 
Kipling says, in his “Song of the Banjo”: 
pans 33) s J 


“IT am the prophet of the Utterly Absurd, 

Of the Patently Impossible and Vain, 
And when the Thing that Couldn’t has occurred 
Give me time to change my leg and go again.” 


This verse catches the spirit of Manly’s most frequently 
recorded achievement, his airplane engine designed and built 
at this century’s opening. At the time, Manly, in his early 
twenties, was the chief assistant of Dr. S. P. Langley, Secre- 
tary of the Smithsonian Institution, in the development of a 
man-carrying flying machine. He had no specific interest, 
qualifications, or experience in internal-combustion engineer- 
ing; nor was there available the past experience of others on 
which to draw. Still undeveloped were today’s refined mate- 
rials and precision workmanship. Our current highly accurate 
and extensive research on airplane-engine fuels and lubricants 
was far from having been conceived. 

By May, 1900, the engine being built under contract for 
Dr. Langley’s flying machine still fell far short of the specified 
requirements. After a year and a half of effort expended on 





(This paper was presented at the Annual Meeting of the Society, Detroit, 
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Charles M. Manly 


(This photograph was taken about two years before Mr. Manly's death 
on Oct. 15, 1927) 








N 1900, old experienced engine builders were 
saying “impossible” to an 18 to 22 lb per hp 
ratio for an engine which was being designed for 
use in the man-carrying flying machine under de- 
velopment by Dr. S. P. Langley, Secretary of the 
Smithsonian Institution. By December, 1901, 
working as Dr. Langley’s chief assistant — and hav- 
ing taken personal responsibility for the engine 
development — Charles Matthews Manly had com- 
pleted an engine which weighed, net 125 lb, de- 
veloped 52.4 hp at 950 rpm and had demonstrated 
its durability in three separate 10-hr full-power 
endurance runs. This 2.4 lb per hp ratio was not 
surpassed until the advent of the Liberty engine 
16 years later. 


Dramatic details of this most frequently re- 
corded achievement of the distinguished engineer 
who was SAE president in 1919 are recorded in 
this paper as part of an interpretive study of Mr. 
Manly’s broad achievements. Mr. Manly’s impor- 
tant development work on other phases of the 


Langley airplane, his pioneering designs in the 


field of hydraulic power transmission, his vital 
contributions to military aviation throughout the 
World War period and his broad service to soci- 
ety through SAE activities are summarized. 


The theme of Mr. Manly’s life, the author says. 
was engineering. “His criterion of an objective 
was: ‘Will it serve?’: of a method, ‘Will it work?’ 
The past informed, but did not form him. Novelty. 
in itself, he neither feared nor favored. His ap- 
plication of engineering principles was courage- 
ous and clear-sighted; it led him to many conclu- 
sions which, new in his time, have been approved 


‘ by the irrefutable logic of experience.” 


it, the builder was able to bring its output up to only 4 hp, 
whereas a minimum of 12 hp for a weight of between 220 
and 330 lb was the desired performance. This Country and 
then Europe was combed for an engine manufacturer who 
would undertake to build such an engine. In every direction, 
the search came to a dead-end, with a warning, mocking, or 
incredulous “impossible” barring the way. 

Manly, fully convinced that the object was attainable 
through the unfettered application of sound engineering, per 
sonally assumed the responsibility for transforming the engine 
from a conception into an actuality. Within a month and a 
half, he had an experimental engine, characterized by him as 
a “patched-up” affair, made up of parts of the unsuccessful 
contract engine, supplemented by specially designed parts. It 
weighed 108 lb and delivered 18, hp at 715 rpm. On further 
development, its weight became 120 |b; its output, 21.5 hp at 
815 rpm. Having demonstrated the feasibility of the required 
power-weight ratio, he designed an entirely new engine, to 
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The full-size "Aerodrome A" 5-cyl engine produced by Manly 

delivered 52.4 hp in 1902, and its 2.4 lb per hp set a 16-year 

record. The illustration shows the engine set up for test on 
a dynamometer 





yield 40 hp. Completed in December, 1901, this engine 
weighed, net, 125 lb, developed 52.4 hp at 950 rpm and dem 
onstrated its durability in three separate 1o-hr full-power 
endurance runs. Old experienced builders had said “impos 
sible” to a 18 to 22 lb-per-hp ratio. The youthful novice pro 
duced engines weighing successively 5.8 and 2.4 lb per hp 
The latter figure held a 16-year record, and was not surpassed 
until the advent of the Liberty engine. (Including the two 
flywheels, the spark coil and batteries, the carburetor and its 
connection to the manifold, gasoline and water tanks, water 
circulating pump and shaft, and radiator, the weight was 
187.4 lb, or 3.6 lb per hp.) 

Weight and power were the most tangible criteria tor this 
early airplane engine. Other requirements, stringent indeed 
for the young engineer, had to be met: reliability; smooth, 
vibration-free operation; and ability to function under the 
unpredictable conditions of a new method of locomotion. 


Design of Engine 


Four of the many novel and unusual features of the engine 
are particularly notable. 

First is its general form, a 5-cyl radial, a departure from 
general current practice. Manly’s reasons for his selection 
were: 

(a) The greater smoothness of operation and uniformity ot 
torque of an odd as compared with an even number ot 
cylinders 

(b) The greater uniformity of torque with increasing num 
ber of cylinders. Five seemed at that time to be the greatest 
practicable odd number 


(c) The reduction of weight and complication of the radial 
form 


(d) The unusual qualities as regards vibration. 


The cylinder construction was the second outstanding tea 
ture. An outer shell, seamless, with the head formed integral, 
made of 1/16-in. steel, provided the strength. To act as the 
wearing surface for the piston, a cast-iron liner, also 1/16 in. 
thick, was shrunk into the steel shell. Near the bottom edge 
of the steel shell was screwed and braced a flange which, in 
turn, was bolted to the crankcase. Entering the side of th 
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cylinder near the top was the combustion chamber which, 
with the inlet port, was machined out of a solid steel forging, 
and brazed to the cylinder. The water jackets, of sheet steel 
0.020-in. thick, were also brazed to the cylinders. 

For the weight reduction achieved by this construction, 
Manly paid in accompanying acute bodily suffering and a 
permanent physical disability. Shrinking the cast-iron liner 
into the steel shell was ridiculed as the dream of inexperience. 
The irregular and large surface of the water jacket, and its 
different thickness as compared with the cylinder, enhanced 
the difficulty of brazing it to the cylinder. With no equip 
ment other than an ordinary open forge, the uniformity of 
distribution and intensity of the heat to be maintained called 
for extreme skill and the willingness to undergo discomfort 
and even suffering. No operator with these qualifications 
could be found; so Manly himself carried out the grueling 
task. So strenuous was the physical strain that his weight 
sank trom 150 to 118 lb, and his eyesight was impaired be 
yond remedy. 

A third and most decidedly novel teature was the iggition 
system. Contemporary engines had a separate spark coil and 
a separate contact maker (make-and-break system) for each 
cylinder, with the consequent excess weight and difficulty of 
adjustment. Manly’s ignition system had only one battery, 
one coil, and one contact maker, with a small commutating 
arrangement in the high-tension circuit acting as distributor. 
Manly also obviated the difficulty of sooting of spark-plug 
insulators by extending the metal portion of the plug and the 
terminals into the cylinder and beyond the insulator. Manly, 
in later days often spoke of the vast amount of development 
incorporated in the spark plugs. At one stage, lava stone was 
imported from Germany for the insulators, and turned by 
lathe. A special type of cement had to be devised to cement 
the electrodes into the insulation. 

The carburetor was the fourth teature which exemplihes 
Manly’s ingenuity in overcoming the obstacles besetting the 
innovator. The slight but constant tremor of the airplane 
frame when the engine was working at high speed under a 
heavy load caused the float of the type of carburetor then cur 
rent to act as a pump, and periodically to flood the carbu 
retor. The carburetor developed to overcome this difficulty 
consisted essentially of a tank filled with small lumps of a 
porous cellular wood (tupelo) initially saturated with gasoline. 
Into this wood, the gasoline was fed as rapidly as it was taken 
up by the air sucked through it by the engine. The cooling 
effect of evaporation was compensated by drawing heated air 
up from around the engine cylinders through the wood. This 
carburetor performed satisfactorily in spite of vibration and 
sudden changes from a state of rest to rapid motion. 

Other points of interest in connection with the engine de 
velopment were: cast-iron pistons of unusual refinement; the 
valve-operating mechanism, with double-lobed cams driven at 
one-quarter crankshaft speed; the connecting-rod assembly ot 
one master rod and big-end bearing and four link rods; the 
mechanical starting system designed to function not only at 
the initiation of flight but in flight if necessary; and the water 
absorption dynamometer developed to measure power when 
the engine was running without a flywheel with consequent 
rapid variation in torque and speed. 

Charles L. Lawrance, then president of the Wright Aero 
nautical Corp., said of this engine in 1928: “Charles Mat- 
thews Manly was certainly the outstanding genius of early 
powerplant design. When we consider that the most popular 
type of airplane engine of today is almost identical in its 


1See Mechanical Engineering, Vol. 51, March, 1929, pp. 186-192: ‘“‘The 
Development of the Airplane Engine in the United States,”’ by Charles | 
Law: ince 
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general detail and arrangement with the one evolved by 
Charles Manly, we are lost in admiration. . . . This engine 
may indeed be characterized as the first ‘modern’ aircraft 
engine in the world... .” 

The Langley Medal was bestowed on Manly, posthumously, 
for this engine. This medal, distinguishing “specially meri 
torious investigations in connection with the science of aero 
dromics and its application to aviation,” had been awarded 
previously only three times: to Wilbur and Orville Wright in 
1910, to Gustave Eiffel and Glenn Curtiss in 1913, and to 
Charles Lindbergh in 1927. Said Chief Justice Hughes, in 
making the presentation to Manly’s elder son: “This excep 
tional action was taken in recogniticn of the fact that the 
outstanding merit of Mr. Manly’s invention and construction 
of the light, radial gasoline airplane engine has become more 
and more apparent in the last years. 

“It is with mixed pleasure and regret that, acting on behalf 
of the Smithsonian Institution and its Board of Regents, | now 
hand the Langley Medal to you, the son of Charles Matthews 
Manly — pleasure that so worthy a work is thus honored 
regret that this recognition of superlative merit failed ot 
fruition during the lifetime of the inventor.” 


Work on Langley Airplane 


A tale has been told of an imaginary limbo in which reside 
the imperfect fictitious characters created by unskilful authors. 
They are a sorry lot; some have heads, but no feet; some have 
feet, but no heads; some rush without pause from one place 
to another; some never move; some scream stridently all the 
time; some are silent as the tomb. 

In picturing Manly, I may, unintentionally and through 
lack of skill, be guilty of similar distortions; deliberate omis- 
sions, except as dictated by the requirements of brevity, how- 
ever, will be avoided. The brilliance of Manly’s achievements 
in early airplane-engine development sometimes blinds us to 
another phase of his work with Langley, the design and con 
struction of the flying machine, or aerodrome, as it was then 
called. Any account of Manly failing to emphasize duly this 
activity would be seriously incomplete. It was Manly’s first 
job; and it made upon him the same lasting impression as 
does any young man’s first serious venture. The ingenious 
expedients, concentrated study, and conscientious testing in 
volved in embodying the Langley principles in a practical 
structure make up a fascinating story of engineering achieve 
ment. They whetted the appetite for the difficult problems of 
aircraft design which led later to distinguished accomplish 
ments. Langley’s scientific qualities won the young man’s 


admiration and retained the mature engineer’s life-long 
respect. 


Langley in 1898 


Fraught with human interest is the association of these two 
men -—the bearded scientist with the dignity of years and 
eminent achievements and the slim, dark young engineer, 
eagerly undertaking his first important assignment. In 1898, 
when this association was begun, Langley was 64 years old. 
He had been since 1886 Secretary of the Smithsonian Insti 
tution, a position which he held until his death in 1906. From 
a New England childhood among folks of modest means, he 
had become a civil engineer, a builder of telescopes and, 
finally, a scientist of world-wide fame for his astronomical 
and aerodynamic research. Honorary memberships in six 
highly esteemed societies in this and other countries, and five 
medals; honorary degrees from six universities, American and 
foreign — these were the tangible insignia of his distinguished 
scholarship. About 200 articles in English, French, and Ger 
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man were included among his contributions to the literature 
of science. 


Langley’s Aeronautic Research 


Langley’s aerodynamic studies were begun in 1887 and 
proceeded literally and figuratively from the ground up. First 
by means of planes mounted on a steam-driven turntable and 
so impelled against the air, then by small, toy-like models, 
then by power-driven miniature airplanes, he had sought to 
discover the laws according to which operates the sustaining 
force of the invisible atmosphere, and through what type of 
structure man could bring this force under his dominion. 
Nine years of concentrated study and tireless experiment were 
finally epitomized in a 25-lb structure of steel, hickory, and 
silk which, under its own steam power, rose into the air, flew 
in stable equilibrium for % of a mile and, when its power 
was expended, landed gently and undamaged, ready for an- 
other flight. Dr. Alexander Graham Bell, an eye witness, thus 
concluded his account of these test flights: “No one who was 
present on this interesting occasion could have failed to recog- 
nize that the practicability of mechanical flight had been 
demonstrated.” 

This demonstration Dr. Langley considered the logical con- 
clusion of his aeronautic activities. He wrote, in 1897: “And 
for the next stage, which is the commercial and_ practical 
development of the idea, it is probable that the world may 
look to others.” 

From this voluntary retirement, he was called by patriotic 
motives. President McKinley, his interest excited by the 
Spanish-American conflict, became impressed with the flying 
machine as an engine of war. At his direction, the Board of 
Ordnance and Fortification of the War Department requested 
Langley to undertake the construction, development, and test- 
ing of a flying machine on a scale capable of carrying a man. 
An appropriation of $50,000 was made, but Langley agreed 
to give his time without compensation. He then asked Prof. 
R. H. Thurston, Dean of the School of Engineering in Cor- 
nell, to recommend the best young engineer he knew to assist 
him in this undertaking. Dr. Thurston selected Manly, who 
was allowed to go to Washington immediately, taking his 
Cornell degree of Mechanical Engineer in absentia. 


Manly’s Youth 


What type of youth was this young Manly, who had been 
selected as the best in his class? He was 22 years old. He 
was born in Staunton, Va., into a family which, since its 
migration to the New World in the early sixteen hundreds, 
had given to the South a generous quota of ministers, edu- 
cators, statesmen, and gallant soldiers. A Manly held a com- 
mission as Captain in the American Army during the Revolu- 
tionary War; a Manly was Governor of North Carolina during 
the decade of dissension preceding the Civil War; a Manly 
made the prayer at the inauguration of Jefferson Davis as 
President of the Confederate States. Manly’s father, Rev. 
Charles Manly, D.D., won affection and honor, but little 
pecuniary reward, for his unflagging exertions as Baptist 
minister and college president in the South of the Reconstruc- 
tion period. However, Manly’s boyhood, spent in Greenville, 
S. C., seems to have suffered no curb of strict pedagogical 
restraint. His entire interests are reported to have been fish- 
ing, hunting, and play. He feared that, if he became too 
interested in his studies, they might interfere with his play. 
He made it a rule to leave his examinations as soon as he 





2See Nature, Vol. 54, May 28, 1896. 

3 See McClure’s Magazine, Vol. 9, No. 2, p. 647: “The Flying Machine,” 
by S. P. Langley. 

4See Smithsonian Contributions to Knowledge, ot 27, Part III, 1911: 
‘Langley Memoir on Mechanical Flight,” by C. M. Manly. 

5 See Smithsonian Report for 1914, p. 217: “The First Man-Carrying 
Aeropiane Capable of Sustained Free Flight,” by A. F. Zahm. 
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thought he had done enough to deserve a passing mark, a 
matter in which his judgment was not always accurate. 

At the age of 16 his life was inclined in the direction of its 
mature growth. He determined to become an electrical engi- 
neer, as a result of his association with a Cornell graduate in 
charge of an electrical plant in Greenville. His characteristic 
ability to master a subject once he was convinced of its utility 
was demonstrated even at this early age. Up to this time he 
had been deficient in mathematics; he now devoted himself to 
this study and became outstandingly proficient. Pursuing his 
new resolve, he attended the University of Missouri for one 
year, and then Furman University, from which he was gradu- 
ated in 1896. Scientific experiments now began to fascinate 
him. He devised several ingenious machines, none patented. 
Among them was one for freeing monazite sand from the 
small particles of iron mingled with it. This sand, of which 
vast beds existed in the North Carolina mountains, was then 
used in the manufacture of filaments for incandescent lamps. 

At his entrance to Cornell in 1895 as a sophomore, he was 
said to have had the best preparation in mathematics ever 
brought to that University. Specializing in electrical and 
mechanical engineering, he was among the early experi- 
menters in the transmission of currents of high voltage. When 
he was preparing his thesis on this subject, he narrowly 
escaped death by coming into contact with a current so strong 
as to throw him across the room. He completed his engineer- 
ing course in three years by working in the shops during the 
summers, and acquired the surpassing mechanical skill which 
was soon to stand him in good stead. 

In 1898, when he joined Dr. Langley as his chief assistant, 
he had had no previous experience in aeronautics, nor any 
specific interest in it. He accepted the job because it promised 
practical activity in his chosen profession. Eagerly, unsus 
pectingly, he embarked upon 7 years of arduous pioneering 
engineering. 


Summary of Work with Langley 


Manly’s work with Langley fell into five divisions: first, 
experiments with the Langley models to obtain data for use 
in balancing the large flying machine and in constructing a 
launching apparatus for it; second, the design, construction, 
and strength-testing of the large flying machine; third, the 
design and construction of powerplants; fourth, the construc 
tion and flight testing of a quarter-size model of the larger 
machine; and fifth, the flight test of the man-carrying 
machine. 

Of the extent and endless detail involved in this seven-year 
engineering project only the briefest hints can be given in this 
paper. An absorbingly interesting, complete and accurate 
record is available for those who desire the full story. Con 
sider the difficulties to be met, for instance, in launching the 
machine from the top of a houseboat in the Potomac — the 
hoisting of the frame to the launching car, and the assemblage 
there of the wings to it; the secure attachment, suitable pro- 
pulsion, and quick release of the machine. That this particu- 
lar launching method was practicable was shown by later 
experiments”; that the general idea was sound is indicated in 
the current method of shipboard launching. 

In tackling the building of the large flying machine, Manly 
was beset with problems both of design and construction; of 
general theory and minute detail. Although the general plan 
of the Langley models was to be followed, the increase in size 
alone made necessary modifications in design. Parts and pro- 
portions could not be scaled up uniformly, because the rapid 
increase in weight would far outbalance the increase in 
strength. Two new elements also had to be considered in 
the design. First, the powerplant was to be the gasoline, 
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internal-combustion type in which the major portion of the 
weight is concentrated in the engine itself, instead of steam 
where comparatively little of the weight is in the engine 
proper. The second new element was the weight and position 
of the pilot. 

In construction, watch-like precision had to be combined 
with strength; the trained workmen and machine tools of 
today were not available; weight had to be pared down 
laboriously; and the special materials of a later day had not 
been developed. There were no alloy steels and light non- 
ferrous metals; carbon tool steel represented the height of 
metallurgical attainment. 

To instance some of Manly’s problems, in building the 
frame, he measured the air resistance of guy wires; had con- 
structed in the workshop of the Institution special steel turn- 
buckles; provided for the strength and rigidity necessary for 
the new type of powerplant, and for not only known static 
stresses, but for the unpredictable dynamic stresses of this new 
method of transportation. 

To determine the general form of the wings, lift and drift 
measurements were made on the whirling table. In their final 
form, each wing weighed about 29 lb and had 260 sq ft of 
surface. For the necessary rigidity and strength, there was 
developed a built-up, hollow rib, with strengthening cross- 
sections inserted, after the model of a bamboo pole. Moisture- 
proof glue and varnish furnished a procurement problem. To 
top it all, the wings had to be constructed so that they could 
be taken apart easily, rolled up, transported, and re-assembled. 
This arrangement provided ease of handling on the trips from 
Washington to the Potomac, and in hoisting the machine to 
the top of the houseboat. 

Three objectives guided the development in the field of 
equilibrium and control. First, the machine as a whole had 
to be designed so as to secure highly stable initial equilibrium. 
Second, for maintaining this equilibrium automatically under 
varying atmospheric conditions, a modified Penaud system 
was used. In this system, the tail provided for longitudinal 
equilibrium by its initial negative angle and the elasticity of 
its connection with the frame. Third, required modifications 
in the Penaud system were made: a separate rudder and an 
attachment giving the pilot some control over longitudinal 
equilibrium were added. The latter enabled him to change 
the angle of the Penaud tail without affecting the elasticity of 
its connection to the frame. 

The third phase of Manly’s work with Langley, powerplant 
development, already has been covered. 

The fourth division, the construction and testing of a 
quarter-size model of the large flying machine, was deemed 
advisable because, for constructional reasons, the relative posi- 
tions of the center of pressure, center of gravity, and line of 
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The quarter-size model of the 

Aerodrome," constructed by 

Manly, is shown on one of its 

successful flight trials, Aug. 8, 
1903 
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thrust had been changed from the theoretical optima. Manly 
designed and built a small gasoline engine for the quarter-size 
replica of the large machine. This miniature airplane made 
several successful flights during the summer of r1gor, one of 
1000 ft. It flew under its own power, on even keel, and landed 
lightly and without damage to itself. The startling effect of 
these seemingly phenomenal flights on one eminent eye wit- 
ness, Dr. John Manly, Manly’s brother, may be gleaned from 
this contemporary account: 

“The rocket gave the starting signal, and instantly there 
rushed towards us, moving smoothly, without a quiver of its 
wings, with no visible means of motion and no apparent 
effort, but with tremendous speed, the strange new inhabitant 
of the air. Onward it moved, looking like a huge white 
moth but seeming no creature of this world, not only on 
account of its size, its ease of movement and its wonderful 
speed, but also because of its strange, uncanny beauty. It 
seemed visibly and gloriously alive as it advanced, growing 
rapidly larger and more impressive. Straight at us it came 

. then, rapidly, though not abruptly or violently .. . it 
checked its speed and circled to the right, descending slightly. 
Soon it quickened speed again and went straight ahead for 
about ten seconds, when it again checked its flight and de 
scended, circling once more . . . the vision of its beauty, and 
power and seeming intelligence and life will long remain 
with those who saw its flight.’ 


Flight Tests of Large Machine 


Finally the man-carrying flying machine was completed. It 
was subjected to strength and shop operating tests, and taken 
to the launching houseboat for its practical flight test, in the 
middle of July, 1903. A series of nerve-trying delays ensued 
due, for the most part, to inclement weather. On the two 
flights attempted, on October 7, and December 8, 1903, Manly 
was in charge, Langley not being present, and Manly was in 
the pilot’s seat. Major Macomb officially reported the tests to 
the Board Ordnance and Fortification in the following 
words: 

“On October 7 last, everything was in readiness, and | 
witnessed the attempted trial on that day at Widewater, Va., 
on the Potomac. The engine worked well and the machine 
was launched at about 12:15 p. m. The trial was unsuccessful 
because the front guy-post caught i in its support on the launch 
ing car and was not released in time to give free flight, as was 
intended but, on the contrary, caused the front of the machine 
to be dragged downward, bending the guy-post and making 
the machine plunge into the water about 50 yd in front of 
the houseboat. The machine subsequently was recovered and 
brought back to the houseboat. The engine was uninjured 
and the frame only slightly damaged, but the four wings and 
rudder were practically destroyed by the first plunge and 
subsequent towing back to the houseboat. This accident 
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necessitated the removal of the houseboat to Washington for 
the more convenient repair of damages. 

“On December 8 last, between 4 and 5 p. m., another at 
tempt at a trial was made, this time at the junction of the 
Anacostia with the Potomac, just below Washington Barracks. 

“On this occasion General Randolph and myself repre- 
sented the Board of Ordnance and Fortification. The launch 
ing car was released at 4.45 p. m., being pointed up the 
Anacostia towards the Navy Yard. My position was on the 
tug Barthold: about 150 ft from and at right angles to the 
direction of proposed flight. The car was set in motion and 
the propellers revolved rapidly, the engine working perfectly, 
but there was something wrong with the launching ways, and 
a crashing, rending sound, followed by the collapse of the 
rear wings, showed that the machine had been wrecked in the 
launching, just how, it was impossible for me to see. The fact 
remains that the rear wings and rudder were wrecked before 
the machine was free of the ways. Their collapse deprived the 
machine of its support in the rear, and it consequently reared 
up in front under the action of the motor, assumed a vertical 
position, and then toppled over to the rear, falling into the 
water a few feet in front of the boat. 

“From what has been said, it will be seen that these unfor 
tunate accidents have prevented any test of the apparatus in 
free flight, and the claim that an engine-driven, man-carrying 
aerodrome has been constructed lacks the proof which actual 
Hight alone can give.”? 

The first tume Manly found himself in the river, in the 
wrecked machine, he grasped the main guy wires above his 
head, and, pulling himself through the narrow space between 
them, freed himself and swam upward as rapidly as possible. 
The second time he was beneath the machine, held prisoner 
by his cork jacket, which had become entangled with the 
wreckage. Exerting all his strength, he ripped the jacket in 
two, dived, and swam under the water until he had cleared 
the machine. When he attempted to reach the surface, his 
head struck a block of ice. Again he dived, and swam clear 
of this new obstruction. He was under water a minute and 
a half. 

Another eye witness to the accident was Dr. F. S. Nash of 
the Army Medical Dispensary in Washington, who was de- 
tailed as surgeon to the experiment to be on hand in case of 
accident. In his description of the attempt he said of Mr. 
Manly’s courage: 

“In my long Naval career in various parts of the world, I 
have seen many acts of courage, but none that required such 


_ judgment and quick decision — none that equalled the cool 


valor of the pioneer pilot.” 

Exhausted, his head bleeding freely, he emerged from the 
icy waters of the Potomac into a storm of newspaper ridicule 
and Congressional criticism. “Langley’s folly” and “Criminal 
waste of the people’s money” were the least of the verbal 
bombardments. The original appropriation had long been 
exhausted. No further Government funds were made avail- 
able, and Langley refused to continue his work with private 
capital. The machines and engines developed were suitably 
disposed of, and Manly resigned from the Smithsonian Insti 
tution, March 31, 1905. 

Like Langley, Manly refused to patent any of the novel 
features for which he was responsible. Now 29 years old, he 
was without financial reward for his young manhood’s most 
earnest work. He had acquired an interest in and knowledge 
of the principles of aircraft construction, and an unshakeable 
confidence in the validity of Langley’s theories and principles. 





7See Smithsonian Contributions to Knowledge, Vol. 
278: a Memoir on Mechanical Flight,” by S. P. Langley and C. M. 
Manl 

@ See ASME Srengections, Vol. 33, 1911, pp. 851-855: ‘“‘Variable-Speed 
Power Transmission,” by G. H. Barrus and C. M. Manly 


27, No. 3, pp. 2¥%6- 


His faith persisted always in the deep undercurrent oi his 
personality and, on occasion, rose to the surface with vehe 
ment force. 


Engineering Activity 1905-1914 

When Manly came to New York from Washington in 
1905, it was with the avowed purpose of commercializing 
certain engineering ideas, so that he could finance further tests 
of the Langley airplane and other aeronautic research. 

Chief among these projects, and the one for which he is 
best known .n the field of general engineering, is the hydrau 
lic variable-speed power-transmitting mechanism, known as 
the Manly Drive. Taking out his first patent in 1902, Manly 
was as truly a pioneer in the field of hydraulic equipment as 
he was in the field of aviation. His interest in hydraulic 
devices came about through considering possible difficulties 
that might be encountered in the operation of the propellers 
of the Langley machine and in attempting to provide equip 
ment to anticipate them. These propellers were of very light 
construction, in order to reduce weight to a minimum, and it 
was feared that they might be shattered by sudden accelera 
tion or by the sudden application of the full power which the 
Manly engine could develop. Although these fears proved 
groundless in later tests, it is typical of the werk on the 
Langley machine that consideration was first given to trans 
missions capable of gradual acceleration and application oi 
power before risking the time and money which had been 
put into these propellers by subjecting them to actual test, and 
it must be remembered that there were absolutely no data or 
previous experience upon which opinions could be based 
soundly. Infinitely variable speed transmissions were accord 
ingly given attention with the thought of their possible use 
for transmitting the engine power to the propellers so that 
the latter might be accelerated slowly and shock avoided. The 
size and weight of all infinitely variable speed transmissions 
made their use in the Langley machine entirely out of the 
question, of course, but it was in this way that Mr. Manly’s 
attention first was directed toward hydraulic drives and 
lated equipment. 

Fundamentally, the Manly hydraulic drive consists of a 
variable-stroke pump, made up of radial cylinders, operated 
from the driving shaft, connected by a dual system of piping 
and valves to a fixed-stroke, multicylinder, radial hydraulic 
motor operating on the driven shaft. The driving shaft oper 
ates in one direction at constant speed. The stroke of the 
pump, controlled by a crank on which is mounted an eccen 
tric bushing, regulates the velocity of liquid flow, and hence 
the speed and torque of the driven motor, the torque varying 
inversely as the speed. One half of the dual system of valves 
and piping operates for forward, the other for reverse motion. 
When the system is at rest, with the pump stroke at zero, the 
motor acts as a brake. A safety valve opens a bypass in case 
of over-pressure, thus preventing any injury to the machine. 
Two notable features of the drive are the cooling, provided by 
the suitably designed radial cylinders, and the efficiency, about 
87%, according to independent test results obtained by a 
disinterested authority.® 

From 1906 to 1915, Manly was vice-president and chief 
engineer of the Manly Drive Co., formed to develop this 
mechanism technically and commercially. With its “follow 
up” control system, it was used in operating rolling lift 
bridges, in experimental passenger cars and motor trucks, 
and in motor trucks built by the La France and Remington 
companies. In trucks, one hydraulic motor was provided for 
each driving wheel, thus eliminating the differential. Sixty 
of the drives, adapted for controlling large guns and turrets, 
were installed by the Bethlehem Steel Co., in the $22,000,000 
Argentine battleships built about ror. 
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Some idea of the extent and fundamental character ot 
Manly’s work in the field of hydraulics can be gained from 
the fact that one or more of his nearly 40 patents on hydraulic 
devices, representing over 25 years of personal development 
work, is today cited against a very large majority of patent 
applications in this field. As in the case of the Manly aviation 
engine, however, the Manly hydraulic drive was ahead of its 
time for, although sound in its conception and soundly engi 
neered, the machine-tool art had not then progressed to the 
point where these products, with the fine fits and close limits 
they required, could be manufactured at prices which would 
permit their automotive and industrial commercial use. For 
these reasons. they did not achieve the immediate commercial 
success to which their characteristics appeared to entitle them, 
but Manly’s faith in hydraulic equipment remained steadfast 
as shown by the fact that he continued to put into this work 
his personal time and funds. His confidence and judgment 
have since been vindicated fully by the commercial success 
and still rapidly growing rate of application of hydraulic 
drives. 

A recent editorial® states: 

“Rivaling the electrification of machines and the use of 
welding, in the spotlight of design, hydraulics is staging an 
other thrust forward — stronger than ever! Time was when 
hydraulic operation was identified almost solely with elevators 
and presses of various kinds. Later it became recognized by 
the machine-tool field- among larger industries—then by 
road and equipment builders. Today its tentacles are so far 
reaching that one has difficulty in naming more than a hand 
ful of specific classes of machines in which hydraulics plays 
no part. 

Hydraulic equipment manufactured under the Manly pat 
ents was the first to make any headway in the commercial 
and industrial fields. With hydraulic equipment practically 
standard in many lines, as in the machine-tool industry, for 
example, it is startling to realize that its wide-spread use 
covers a period of only about 15 years. The reasons for its 
rapid introduction are: ability to do many things which 
cannot practically be done mechanically or electrically; greater 
accuracy and flexibility in speed control; simplicity and direct 
ness of action and structure; easy adaptation to actuation and 
control of automatic and semi-automatic machines. 

In the two general types of hydraulic-drive application - 
namely, 1. for reciprocating motion and 2. for variable-speed 
rotary motion — reaming, boring, planing, and milling ma- 
chines, broaches and hydraulic presses are a few typical of the 
first class, whereas grinding wheels, lathes, milling cutters, 
paper-making machines, textile machinery, printing presses, 
winding machinery, spring-coiling machinery, conveyors, and 
assembly lines represent the second class. 

The future of this type of power transmission is indicated 
by the following statement recently made in a technical paper 
by a machine-tool builder: 

“The general trend of machine-tool design for years to 
come will follow the use and application of hydraulic units 
not only in shaping, planing, and slotting, but also in drilling, 
honing, broaching, milling, turning, grinding, and practically 
all the metal-removing processes.” 

Aviation continued to hold much of his attention; it inter 
ested him as a vital engineering problem, the very difficulties 
of which made it fascinating. On his arrival in New York, 
he became one of the founders of the Aero Club of America. 
During the summer of 1908 he took up with Dr. Charles D. 
Walcott, Secretary of the Smithsonian Institution, the possi- 


®See Machine Design, Vol. 10, November, 1938, p. 44: “Don’t Overlook 
Rapid Strides Made in Application of Hydraulics.” 
See “The Application of Hydraulics to Machine Tools,” by Paul S 


Jackson, paper presented at the 59th Annual Meeting of the ASME, Dec 
+ 1938. 
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The Manly hydraulic drive consists of a variable-stroke multi- 

cylinder pump connected to a fixed-stroke multicylinder 

radial hydraulic motor as shown in the sectional elevation 
of pump and motor 


bility of himself making another test flight ot the Langley 
flying machine. 


1914 Trial of Langley Machine 

The year 1914 was a dramatic one for Manly. It saw the 
realization by others of the project he had long cherished, the 
flight-testing of the Langley flying machine; and it opened a 
new era in his life. 

During that year, the Smithsonian Institution authorized 
Glenn Curtiss to put Langley’s machine in flying condition 
and to make flight tests to determine first, whether the 
original Langley machine was capable of sustained free flight 
with a pilot and, second, the advantages of the tandem type 
of airplane. The airplane was to be flown first in as nearly 
as possible its original condition, and then with such modifi 
cations as might seem desirable for technical or other reasons. 
At Hammondsport, where the flights were made, neither a 
first-rate smooth field nor the houseboat and launching appa 
ratus used in the previous tests were available. The machine, 
therefore, was equipped with floats and their connecting truss 
work, for launching from Lake Keuka. At the time, in re 
porting the tests for the Smithsonian Institution, Dr. A. F. 
Zahm said in part: 

“The steel main frame, the wings, the rudders, the engine 
and propellers all were substantially as they had been in 1903. 
The pilot had the same seat under the main frame, and the 
same general system of control as in 1903. . . . After the 
adjustments for actual flight had been made in the Curtiss 
factory, according to the minute descriptions contained in the 
Langley Memoir on Mechanical Flight, the aeroplane was 
taken to the shore of Lake Keuka, and assembled for launch 
ing... . Many eager witnesses and camera men were at hand, 
on shore and in boats. The four-winged craft, pointed some 
what across the wind, went skimming over the wavelets, then 
automatically headed into the wind, rose in level poise, 
soared gracefully for 150 ft, and landed softly on the water 
near the shore. 

“After a few more flights with the Langley aeroplane, kept 
as nearly as possible in its original condition, its engine and 
twin propellers were replaced by a Curtiss 80-hp motor and 
direct-connected tractor propeller, mounted on the steel frame. 
well forward. .. . In 1903, the total weight of the pilot and 
machine had been 830 |b; with the floats lately added it was 
1170 lb; with the Curtiss motor and all ready for flight it was 
1520 lb. But notwithstanding these surplus additions of 40% 
and 85% above the original weight of the craft, the delicate 
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The Langley flying machine is shown making its first successful man-carrying flight, June 2, 1914, piloted by Glenn Curtiss 


wing spars and ribs were not broken, nor was any part of the 
machine excessively overstrained.”!! 


War Era 1914-1919 

With this event reflecting Manly’s past activity may be 
contrasted another foreshadowing his next period, the efforts 
made by the German Government to secure his services for 
the duration of the war. In times of stress, nations as well as 
individuals, sweeping aside trivial or extraneous considera 
tions, turn, as truly as the compass toward the north, to those 
in whose strength they have confidence. In the most stringent 
crisis of modern times, the World War, no less than three 
nations applied for Manly’s technical skill. Germany, at- 
tracted by his reputation particularly in connection with 
hydraulic-drive development, offered him a practically un- 
limited salary. He refused, because his sympathies were so 
strongly with the Allies, and instead became attached as con- 
sulting engineer to the British War Office. Giving up his 
personal practice and leaving the details of hydraulic develop 
ment in the hands of trusted employees, he went to Canada 
as inspector of construction. 

A pioneering achievement in this connection was his design 
of the first multiengine bomber which not only met but sur 
passed the specifications. Built by the Curtiss Co., it won the 
immediate acceptance of the British Government. Wrote an 
observer of the official military tests: 

“The Canada exceeded all requirements by more than a 
fifth, and was accepted just as it lay on the ground after the 
final flight. Carrying a load of 2000 |b, it rose from the 
ground with ease and great speed, and when in full flight 
attained a speed of 95 mph.”'* 

The largest German war plane in use at that time, the 
Aviatik, had a speed of between 65 and 70 mph. Other fea 
tures which won the enthusiastic praise of the observers were 
the two 160-hp V Curtiss engines, which were said to run 
without any vibration whatever, the streamlined body, the 
Sperry stabilizer, the bomb-dropping device, and the great 
strength of construction. 

Manly became consulting engineer of the Curtiss Aeroplane 
and Motor Co. in 1916, and spent the summer of that year in 
England, investigating the flight performance of the several 

11 See Smithsonian Report for 1914, pp. 217-222: ‘“‘The First Man- 
Carrying Aeroplane Capable of Sustained Free Flight,” by A. F. Zahm. 

12 See Aerial Age Weekly, Sept. 20, 1915, p. 7 


13 See SAE Bulletin, Vol. XII, April, 1917, pp. 34-42: “A History of 
Aviation,” by C. M. Manly 


hundred machines supplied to Great Britain by the Curtiss 
Co. Of that trip he wrote: “It was the first trip I had made 
since the memorable one in 1900, when, in our quest for an 
engine for the flying machine, we had been advised that the 
light-weight engine we sought was not only impossible, but 
that the object for which we wanted it—a flying machine 
without a gas bag — was impossible.”** 

When the United States entered the war, Manly definitely 
transferred his services to this Country, previously having 
been appointed chief inspection engineer by the Curtiss Co. at 
the request of the British Admiralty. The spring of 1918 
found him again in Europe, this time as one of the 14 Ameri 
can delegates to the International Aircraft Standards Confer 
ence. In the interests of more efficient cooperation in meeting 
war-time aircraft needs, American, British, French, and Italian 
engineers gathered for free discussion under Government 
auspices. The mission of the American delegation was to 
offer supplies to our European Allies, and, at the many con- 
ferences held, agreement was sought on standards for the 
properties and composition of materials and the relative pro- 
portions of minor parts. 

In this, and other aircraft standardization activity carried on 
in the United States, Manly rendered valuable war service to 
this Country. The first aircraft standards adopted by the SAE 
represent possibly the most extensive single piece of stand- 
ardization ever adopted by any technical organization. He 
also contributed to the equipment of the air forces by his 
design and inspection work at the Curtiss factory, and, at the 
close of the war, became assistant general manager of the 
Curtiss Co. 


Final Period — Service to the SAE 


A man’s life, it has been said, should be divided into three 
periods: the first should be devoted to his education; the 
second, to his family and business or profession; the third, to 
society. Manly’s life, viewed largely, followed this well 
balanced outline, and his later years are distinguished by his 
service to society in general, rendered especially through the 
channels of the SAE. 

At the same time, he led an active professional life. Indeed, 
he regarded his profession as a vocation calling for the utmost 
conscientious accuracy and rectitude; and its exercise, as a 
contribution to human progress. 

“The wealth of the world,” he wrote, “has increased trom 
generation to generation largely because knowledge has en- 
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abled a definite amount of human effort to produce an in 
creased amount of the things fundamentally required to 
sustain life, and to transport these things so as to maintain 
the proper ratio between supply and demand. The increase in 
wealth has been in exact step with the increase in knowledge. 

. The keystone of this knowledge . . . has been, and always 
will be, technological knowledge.’’!4 

Engineering was to him the art of attaining useful results. 
As his development progressed, he placed increasing emphasis 
on public acceptance as an essential part of the usefulness of 
any accomplishment. An improvement of 5% accepted by 
100% of the people whom it was designed to benefit was 
accounted a more worthy goal than a 100% improvement 
accepted by 5% of the people. His mind functioned as surely 
and as brilliantly, but he would put aside consideration of 
some major innovation to perfect a minor phase of design that 
would win immediate acceptance. 

His fruitful activity in aviation, which won for him hon- 
orary membership in the National 


Aeronautic Association, 
also was maintained. 


As one specific phase his confidence in 
Langley’s principles and achievements remained in undimin- 
ished strength. At the time of his death, he was planning 
again to test the aerodrome of 1903, with his elder son and 
namesake Charles at the controls. 

However, service to society through the SAE, rather than 
the practice of his profession, was the distinguishing feature 
of his later years. As President, he guided this Society through 
the difficult post-war year of 1919, and forecast the shape of its 
future development. Through his vision, its scope was greatly 
broadened. He was largely influential in bringing aeronautic 
interests within its sphere, and he laid the basis for our present 
Transportation and Maintenance Activity. 

A truly National society, with the Sections 


“living, virile 
branches of the main organization,” 


was his goal. The present 
Regional meetings under Sections’ auspices would have satis- 
fied his desire to “give to the sections all the punch that can 
possibly be given them in connection with the presentation 
and discussion of technical papers.”?° 

The need for adjusting the Society to changing conditions 
was defined clearly by him. “The scope of the organization 
should change from time to time as the possibilities and 
exigencies of the situation require,” he wrote, and continued, 
“The plan must fit the scope and must be guarded carefully to 
prevent over-organization. !4 

The Society’s public relations activity was foreseen by him 
when he said: “While we must be most careful to exclude any 
taint of politics from our objects and our point of view, still 
we must of necessity take a deep interest in legislation that 
affects the public welfare along lines in which our technologi- 
cal training makes us especially competent to judge the wis- 
dom thereof, and it is our duty to speak as a body in most 
definite terms on such matters, and to insist on being heard.”*4 

As to membership, he advocated “liberal and democratic” 
qualifications. He said: “The most dangerous disease that can 
affect any organization of professional men is that arising 
from the growth of an aristocracy or inner circle within the 
organization, and nothing is so sure to promote such growth 
as the establishment of qualifications to some high degree of 
membership, where a man must either have grown crabbed 
through too constant application to his work, or is likely to 
have one foot in the grave before he can reasonably expect to 
attain it.”?® 


14 See SAE Transactions, Vol. 15, Part 1, 1920, pp. 99-110: ‘*Technical 
Knowledge the Basis of Industrial Development,” by C. M. Manly. 

15 See SAE Transactions, Vol. 15, Part i, 1920, Hes 460: Address of 
Past-President Manly at Chicago Aeronautic Meetin 

16 See SAE Transactions, Vol. 14, Part 2, 1919, oa "58-64: “The Future 
of Automotive Engineering,’’? by C. M. Manly. 
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In research, he was always helpfully interested. 

With patience, tirelessness, and clear vision, he worked on 
behalf of standards, not only on coramittees within the So 
ciety, but also in the American Engineering Standards Com 
mittee, now the American Standards Association. On this 
Committee, he was one of the Society’s representatives and its 
principal spokesman from the time of its inauguration until 
his death. 

Manly’s life was closed on Oct. 15, 1927. Its theme, in 
character, activity and accomplishment, was engineering. His 
criterion of an objective was, “ 
“Will it work?” 

The past informed, but did not form him. Novelty, 
itself, he neither feared nor favored. His application of engi 
neering principles was courageous and clear-sighted; it led 
him to many conclusions which, new in his time, have been 
approved by the irrefutable logic of experience. 

His engineering achievements could not have been dealt 

with completely here. Our purpose in this paper has been so 
to indicate their nature and extent that, as individuals, we 
may pay him a brief tribute of interest and wonder; as fellow 
engineers, we may gain renewed conviction as to the signifi 
cance of our profession; and, as members of this Society, 
which he served faithfully and guided truly, we may be in- 
spired with fresh faith and enthusiasm. In a still larger sense, 
we may gain a new vigor of hope in the possibilities of the 
unpredictable future by contemplating the achievements of 
this pioneer. 


Will it serve?”; of a method, 


The Car of the Future 
(Concluded from page 144) 


pay for one having luxury characteristics involving extra cost 
of operation. In England, conditions are quite different. 

It looks to me as if Government taxation pressure will re- 
quire us, before long, to do something besides talk about 
economy, but I do not think that a decrease in car size will 
prove to be the all-around answer. 

It is my earnest belief that the present-day automobile is the 
result of a public demand that places a great deal of stress on 
size, first cost, and appearance. It is easy to blame the engi- 
neers for some unfortunate results arrived at in this manner 
but, in my experience, most engineers deplore these results as 
much as any buyers do. It is true that the public can be stim- 
ulated into buying automobile features which are not worth 
while. Advertising and sales pressure can do this, but it does 
not take the public long to find out the facts. Free-wheeling 
is a notable example of this condition. 

I do not personally take any stock in questionnaires aimed 
at determining public preference for this or that feature. We 
have one outstandingly important questionnaire every year in 
the attempted sale of several million automobiles. It is futile 
to say that men of imagination can not base a future product 
on such past experiences. It is equally futile to believe that 
the buying public with their complete lack of knowledge of 
possibilities and their almost complete lack of imagination, 
will help us in framing a future policy. 

Finally, my opinion of the probable motor car in the imme- 
diate future is one that will have about as much interior 
accommodations as at present; one that will have the major 
parts arranged in a very similar way; one that will be easier, 
simpler, and safer to operate; and one that will look as differ- 
ent from the present run of cars as it is possible to make it 
without much increase in cost or loss of practical usefulness. 





Detonation 


By Neil MacCoull 


Research Engineer, The Texas Co. 


Power Loss Accompanying 


ESULTS of tests on several motor cars re- 
ported in his paper, Mr. MacCoull com- 
ments, “make one wonder if it is economically 
necessary for a car to be completely free from 
knock at all times.” Use of a spark retarded 
slightly from that required for optimum power, 
he found, resulted in a trivial power loss, but 
appreciably lowered the octane requirement. 


In additional tests on a single-cylinder CFR 
engine, where power output and various temper- 
atures were studied, as the compression was raised 
above the critical compression ratio, the author 
found that: 


1. Power output increased steadily with com- 
pression ratio if the spark advance was adjusted 
for maximum power at each ratio. The limit 
apparently was set by preignition. 

2. If the spark was retarded to the threshold of 
knock at each compression ratio, the power in- 
creased and then dropped off rapidly at higher 
compressions. 

3. Temperatures of spark plug, piston, and in- 
take valve rose with compression ratio even when 
free from detonation, but compression ratios 
above the critical did not cause excessive temper- 


- atures. 


4. Temperatures of exhaust gas and exhaust 
valve, as well as heat losses to jacket, were low- 
ered with increased compression ratio, even dur- 
ing detonation, when the spark was set for maxi- 
mum power. 


HE power loss due to detonation in several typical motor 

cars is shown in Fig. 1. The test method consisted in 
operating each car at 20 mph with wide-open throttle 

on a series of gasolines of graduated antiknock values. With 
each gasoline the degree of knock and power developed were 
recorded as shown by the curves. Such curves naturally re 
flected the antiknock requirements of the cars tested, but this 
information was only incidental to the present investigation. 
The data were therefore replotted as in Fig. 2 where power 





{This paper was presented at the Annual Meeting of the Society, De- 
troit, Mich., Jan. 12, 1939.] 
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loss was plotted against knock intensity and, in Fig. 3, where 
the octane requirement was plotted against the power loss. 

From Fig. 2 it will be seen that hardly 2% in power loss 
occurred with a “medium” knock as defined by the car tester, 
but Fig. 3 shows that this small power loss accompanied use 
of a gasoline of almost 15 octane numbers lower value than 
required for complete absence of knock. Such a conclusion is, 
of course, very general, for the reduction in octane require 
ment in these cars covered a range from 14 to 22 octane units 
for the 2% power loss mentioned, but it was sufficient to 
make one pause and wonder if it is economically necessary for 
a car to be completely free from knock at all times. 

Another way of looking at similar data is given in Fig. 4 
where spark advance is plotted against both the antiknock 
requirement and the rear-wheel traction. The very small rate 
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Fig. 2 — Effect of knock intensity on per cent loss in power at 
20 mph for various cars—Chassis dynamometer 


Vol. 44, No. 4 























April, 1939 





—— so 
| 


POWER REQUIREMENT 








OCTANE REDUCTION FROM MAX. 





| | 
| | 

= | —— La 
| | q 
| 


a a a a a oe 


PER CENT LOSS IN POWER 











Fig. 3-—Loss of engine power due to detonation from re- 
duction in octane value at 20 mph 


ot change of traction in the region of 20-deg spark advance, 
together with the rapid change in octane requirement, indi 
cates the desirability of spark timing a little retarded from the 
point of maximum power. In this case, retarding the spark 
10 deg from the 20 deg required for maximum power, 
lowered the octane requirement 8 units for a power loss 
of 2%. 

Such evidence was considered justification for a more de 
tailed study of the effect of engine operation at various knock 
intensities, both on power loss and engine temperatures. The 
study of power loss in a 1-cyl CFR research engine, with 
various spark advances, will be taken up first and followed by 
a study of the resulting temperatures in various parts of the 
combustion chamber. 

It is well known that raising the compression ratio of an 
internal-combustion engine increases its torque output unless 
limited by detonation of the fuel. By use of special experi 
mental fuels of exceptional freedom from detonation, it is 
possible to reveal the maximum torque which an engine can 
develop at any compression ratio, without limitation from 
detonation, when the spark advance and mixture ratio are 
adjusted correctly. Curve A of Fig. 5 is such a curve for an 
individual CFR engine,' and Curve A’ of the same figure 
shows the required spark advance for optimum power at any 
compression ratio. For the purpose of identification in this 
paper, the torque Curve A is called the “ideal torque curve” 
of this engine since it represents the engine capabilities with 
out limitation by detonation of the fuel. The corresponding 
spark-advance curve is called the “ideal spark advance.” Fig- 
ures given on Curve A show the minimum octane require 
ments for threshold knock at the corresponding points. 

In practice, the power gained by increasing the compression 
ratio is limited by detonation of the fuel. This point is illus 


1 Test conditions: rpm, 900; jacket temperature, 210 F; manifold tem 
perature, 70-80 F. ; : ; 

2 Other authorities consider the compression ratio that is here defined 
as “critical” as the H.U.C.R. This term seems to need standardization. 
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trated by Curve B of Fig. 5, which was made with CFR 
Reference Fuel A-3 of about 44 octane number. As the com 
pression ratio was raised, the power followed the ideal power 
curve until detonation became audible. This compression ratio 
is called in this paper, the “critical compression ratio” for the 
fuel being tested, the spark advance following the “ideal” 
curve and the mixture ratio being that for maximum power. 

As the compression ratio was raised further, the detonation 
increased in intensity until a measurable power loss occurred 
at about ¥, ratio above the “critical” compression. As the 
compression was increased still further, detonation and the 
power loss increased rapidly until a power peak was devel 
oped at about 1 ratio above the critical. This condition is 
illustrated by Curve B of Fig. 5. The shaded area between 
Curves A and B represents power lost by detonation. This 
loss is shown to scale by Curve L. A companion Curve G is 
provided so that the net power gained above that at the 
critical compression ratio may be read directly to scale also. 

The compression ratio at which a gasoline develops peak 
power is sometimes referred to as the “highest useful com 
pression ratio” (abbreviated as H.U.C.R.) for that gasoline.’ 
This has been used as a method for rating antiknock values 
of gasoline and, although it has the advantage of providing an 
absolute scale not influenced by the eccentricities of reference 
fuels, it is not well adapted to interchangeable data between 
test engines. 

In all that has been described here, the spark advance was 
varied with compression ratio according to the ideal advance 
which already has been defined as the spark advance giving 
maximum torque for a knock-free gasoline. An entirely dif 
ferent set of conditions was developed when the spark was 
reset for maximum power at each compression ratio above the 
critical, Curves C and C’ of Fig. 6 show the power and 
spark-advance curves developed under these conditions with 
CFR Reference Fuel A-3. For comparison, the curves of 
Fig. 5 have been dotted in. It will be seen that the torque 
increased indefinitely with compression ratio, bemg limited 
only by preignition. There was thus no torque peak, and 
H.U.C.R. values based on torque could not be taken by this 


Bag 


wt 


| | Rs 
a a _| --— a? 












































ee 
f. 
| | RY 
| ae al 
a ee pacelemeietd = > 
i z 
= 
. \y wW 
' peer ai 3] 
5 | ie. 
—400 Z ae. a ee w 
- y | z 
Oo < 
< é 
«x O 
FL | oe fe) 
e 
iV 
: | 
Fboo =: ia a 
x i é 
< | 
wW 
100 fave a +} ae 



































= 
1——— 





SPARK ADVANCE 


Fig. 4— Effect of spark advance on octane requirement and 
rear-wheel traction — Chassis dynamometer, Cor tO 
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Fig. 5—- Comparison of compression ratio versus torque and 
spark advance for an ideal non-detonating fuel with values 
for a 44-octane fuel 


means. The power loss at any compression ratio was appre- 
ciably less than when using the ideal spark advance with this 
fuel. One of the very interesting features of this test condition 
was that the spark-advance curve consisted of two well-defined 
segments intersecting at the compression ratio where the first 
measurable power loss occurred. 

A third spark-advance regime was tested where the spark 
was retarded at each compression ratio just enough to reduce 
detonation with Reference Fuel A-3 to the threshold of audi- 
bility. Curves D and D’ of Fig. 7 reveal the results, with the 
curves of Figs. 5 and 6 shown dotted again for comparison. 
It will be seen that the new part of the spark-advance curve 
has again a distinctly different slope from the ideal advance 
line. The torque curve has a sharper peak than developed 
with the ideal spark regime, and is lower than the other torque 
curves. Note particularly Curve G which shows that it is 
possible to obtain appreciably more power than at the critical 
compression ratio under these test conditions where the spark 
was ieadjusted for borderline knock at all compression ratios. 
Maximum power was developed at 1 compression ratio above 
critical and, when the compression was raised 2 ratios above 
critical, the power returned to the same value as at critical 
compression. Since changes in compression ratio and spark 
have very little influence on the quantity of fuel consumed, all 
changes in torque shown so far are direct indications of 
changes in fuel efficiency. 

Many car manufacturers make use of this combination of 
high compression and spark retarded from critical on their 
cars, not only because of the gain in power and efficiency at 
full throttle, but because this gain in efficiency is reflected 
particularly at part throttle. On this engine, even the com- 
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Fig. 6— Power and spark-advance curves of 44-octane fue! 
with the spark reset for maximum power at each compression 
ratio above the critical, compared with those of Fig. 5 


pression ratio of 6.5:1, where Curve D of Fig. 7 shows no 
gain in full-throttle power, would undoubtedly reveal con 
siderable gain at part throttle. 

This use of a compression ratio higher than critical has 
another advantage for the car owner for, if he wishes to use 
a premium gasoline of higher antiknock value and advance 
his spark to critical, he will gain still more power and eff- 
ciency. For example, consider a hypothetical case where the 
critical compression with a regular commercial gasoline is 
4.5:1. If his engine were given a compression ratio of 5.5:1 
(with spark advance D’) he would gain about 8.7%, and use 
of a higher octane gasoline, permitting ideal spark, would 
result in a gain of about 14%. Had a 6.5:1 compression been 
provided, with spark retarded to borderline audibility (Curve 
D’) while at full throttle, no gain would have been realized 
over the 4.5:1 ratio. Use of the premium fuel of high-octane 
value would have shown a gain of 21% at full throttle, and 
a corresponding additional gain at all part-throttle operation. 


Temperatures Accompanying Detonation 


Because 10 to 15% gain in power appeared possible by use 
of a compression above the critical ratio, an investigation was 
made of the temperatures of various parts of the combustion 
chamber during the resulting detonation. This investigation 
included temperatures of the spark plug, both valves, and 
piston head, exhaust gases, and the Btu loss to the water 
jackets. The U. S. Army hotplug was included also to deter- 
mine if it varied similarly to any of these parts. The means 
of taking these temperature measurements is given in the 
Appendix. 

Fig. 8 gives the temperatures of the spark plug and piston 
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head, as well as the Btu loss to the jacket, under the four 
spark-advance regimes which were discussed earlier: 

A - “Ideal spark advance” with fuel of such high antiknock 
value as to be completely free from detonation. By definition, 
the spark was adjusted for optimum power at each com- 
pression. 

B- The same spark-advance characteristic as A but with a 
gasoline having a critical compression ratio of 4.5:1 and, 
therefore, knocking at all higher ratios. 

C - Same gasoline as B, but with spark timing adjusted for 
maximum power at each ratio. 

D-Same gasoline as B, but spark retarded to the threshold 
of detonation at each compression. 


Spark-Plug Temperature 


This value is seen to rise steadily and almost in proportion 
to compression ratio for Regime A, with the gasoline which 
would not knock under ideal spark advance. This regime 
gave the highest temperatures, the other regimes giving lower 
temperatures than this above the critical compression, in the 
following order: B, C, D. 

Note the drop in temperature for Regime D after passing 
the critical compression ratio. 


Btu Loss 


These losses decreased as the compression was raised to 
about 1 ratio above critical. Under the test conditions used, 
the resulting temperatures stood in the following order: B, C, 
A, D. The low Btu losses under Regime D are noteworthy, 
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COMPRESSION RATIO 


Fig. 7— Power and spark-advance curves of 44-octane fuel 

with the spark retarded at each compression ratio just 

enough to reduce detonation to the threshold of audibility, 
compared with those of Figs. 5 and 6 
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being not only lower than with any of the other three regimes, 
but appreciably lower than at the critical compression ratio. 


Piston Temperatures 


Under all four spark-advance regimes, the piston tempera 
tures rose steadily with increase of compression ratio, finally 
lining up in the same order as the spark-plug temperatures, 
except for Regime A, which is therefore under some suspicion. 
Again Regime D showed the lowest temperatures. 

It is well to bear in mind that severe detonation may cause 
local temperatures in the surface of the piston head much 
higher than those which can be measured by a thermocouple. 
It is even possible for surface metal to be burned away in the 
zone of detonation, without showing excessive temperatures 
in the interior of the metal. 

Fig. 9 shows similar temperature data for the valves, ex 
haust gas, and Army hotplug. 


Exhaust Gas and Exhaust Valve 


Spark-advance Regimes 4, B, and C showed a steady de- 
crease in exhaust-gas temperature with increasing compres- 
sion, only Regime D showing an inflection. This was the first 
case where the Regime D, with the spark retarded just enough 
to prevent detonation, had given a temperature higher than 
the others. It was, nevertheless, no higher at 1 unit above the 
critical ratio than at the critical ratio. 

There was a slight drop in exhaust-valve temperature with 
increase of compression ratio, the temperatures for the four 
spark advance regimes lining up in the order: B, A, C, D. 
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Fig. 8- Temperatures of the spork plug and piston head, as 
well as Btu loss to the jacket, under the four spark-advance 
regimes discussed previously 
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Hotplug and Intake Valve 


The temperatures of these two parts followed the same 
trend, a steady rise with compression ratio except for Regime 
D which fell at an increasing rate. These temperatures were 
much like those of the spark plug. 


Effect of Spark Advance 


Although the engine was set up to measure temperatures at 
various points in the combustion chamber, an additional run 
was made to show the effect of spark advance at a fixed com- 
pression ratio. The data are given in Fig. 10. This figure 
shows that, in general, all these temperatures rose with in- 
creasing spark advance, except the exhaust gas which showed 
the opposite trend, and the exhaust valve which had an inflec- 
tion. These data were taken without detonation, but another 
run with detonation over part of the range showed very 
similar curves. 

The curve of octane requirement as affected by the spark 
advance is of particular interest, and again demonstrates the 
desirability of operation with the smallest practical spark 
advance. A sacrifice of 2% in power, by retarding the spark 
about 7 deg, resulted in a temperature decrease of all engine 
parts except the exhaust valve, and decreased the antiknock 
requirement 7 octane units. 

The data on Btu loss to the jacket shows the futility of 
hastening the warming-up process of a cold engine by retard 
ing the spark, as many drivers used to do. 

Additional data on spark advance were accumulated in 
Fig. 11 showing torque versus compression-ratio curves for 
each of several fixed spark advances. This is in detail the 
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COMPRESSION RATIO 


Fig. 9 - Temperatures of the exhaust gas, exhaust valve, hot- 
plug, and intake valve under the four spark-advance regimes 
discussed previously 


process taken in determining the torque and required spark 
advance curves of Figs. 5 to 7, the points shown on the latte: 
curves being the maxima for any spark advance at each 
compression. 

Note the dotted lines giving the loci for audible knock as 
well as maximum power. Note particularly the uniform lim 
itation set by preignition, which was only slightly influenced 
by spark advance. 


Preignition 


Because preignition rather than detonation appeared to be 
the principal limitation to compression ratio, some experi 
ments were run to study the factors involved. The presence 
of preignition was determined by continued firing of the 
engine when the ignition was cut momentarily. Intense pre 
ignition, which was characterized by a dull thud and decided 
loss of power, was not allowed to develop. As mentioned 
previously, Fig. 11 shows that preignition was practically 
uninfluenced by spark advance which, of course, is a pro 
nounced difference from the phenomena of detonation. 

In order to determine how the preignition which limited 
the compression ratio with optimum spark was influenced by 
the spark plug, tests were made on a series of AC spark plugs 
designed to operate at various temperatures. These results are 
shown by solid lines in Fig. 12 with several fuels, as obtained 
in the special Army-type small-bore CFR cylinder. It is not 
worthy that the influence of spark plugs on allowable com 
pression ratio was much greater with some fuels than with 
others. The performance of the engine with “Special H” 
gasoline was particularly interesting, since with the No. 140 
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SPARK ADVANCE 
Fig. 10- Effect of spark on engine operating conditions 
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Fig. |! — The curves show that preignition was practically un- 
influenced by spark advance 


plug it preignited and stopped with almost no detonation; yet, 
with the C-25 plug, it was possible to develop a terrific detona 
tion without preignition. 

This range of spark plugs did not have as much influence 
on the results in the standard CFR cylinder as in the special 
Army cylinder, as can be seen from the dotted lines of Fig. 12. 
Since the principal difference between these cylinders lay in 
the effectiveness of their cooling, it seems that a test might be 
developed to measure the effectiveness of cylinder cooling at 
least roughly, by the sensitivity of the preignition compression 
ratio to spark plugs having various temperatures. 

The next step was a study of the effect of the antiknock 
value of gasoline on preignition. Blends of tetraethyl lead 
were made with Pennsylvania grade gasoline, and the curves 
in Fig. 13 show that increased lead additions allowed steadily 
increased compression ratios, with their resulting increases in 
power output. The two curves in this figure represent the 
results of the hottest and coldest plugs in the series. 

Fig. 14 shows similar curves for benzol blends with the 
same gasoline. It is of more than passing interest that the 
colder plug developed consistently more power than the hotter 
plug in both of these tests. 

It would thus appear that, although the compression ratio 
for preignition is almost independent of spark advance, it 1s 
closely proportional to antiknock value, but the actual rela 
tionship is influenced strongly by the effectiveness of cylinder 
and spark-plug cooling. 


Power Increase By Speed Vs. Compression 


While investigating the effect of compression ratio on tem 
peratures of combustion-chamber parts, it was desired to note 
the effect of engine speed also on these temperatures, since 
both affect. power output. Increasing engine power by raising 
either the compression ratio or speed caused a rise in the 
temperature of spark plug, piston, and intake valve. Since 
such temperatures are usually the limitation to the power 
which can be taken from a well-designed engine, it was 
desired to find which method of raising power gave the 
greater power increase for a given temperature rise. 
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AC SPARK PLUG NUMSER 


Fig. 12 — Effect of spark plugs on preignition compression with 


various gasolines 
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Fig. 13 — Effect of spark plug on preignition compression with 


blends of tetraethyl lead and Pennsylvania gasoline of 
varying octane number 
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Fig. 14— Effect of spark plug on preignition compression with 
blends of benzol and Pennsylvania gasoline of varying octane 
number 
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To facilitate a comparison of the temperature changes due 
to power gained by each of these two variables, the results of 
both have been plotted in Fig. 15, where the abscissa repre- 
sents the percentage increase of power from a starting point 
at 600 rpm and 4:1 compression. The gasoline used in these 
tests developed an audible knock when the compression was 
raised enough to give a power increase of 14%, above which 
the spark was adjusted for maximum power at each ratio. 
The top pair of curves shows the compressions and speeds 
corresponding to given increments of power above the initial 
conditions. The low speeds used were chosen because the 
standard CFR engine develops its peak power at goo rpm, but 
it is assumed that the general trend would apply to commer- 
cial engines at higher speeds. With each pair of curves, the 
solid line represents the effects of compression ratio, whereas 
the dotted line represents the effects of speed. 

Note the opposite effect on the exhaust-gas and exhaust- 
valve temperatures, of power increase by these two methods. 
These temperature changes are so nearly equal that it seems 
as if a simultaneous increase of both speed and compression 
ratio might neutralize each other, and thus make possible a 
still larger power increase with no change of the temperatures 
of the exhaust gas or exhaust valve. 

For the other parts it will be seen that a given power in 
crease was harder on the temperature of the spark plug and 
piston, if accomplished by a raise in compression than by a 
raise in speed, whereas the reverse was true for the intake 
valve and hotplug. Note that the only engine part following 
the temperatures of the hotplug was the intake valve. 

The practical significance of this condition is that raising 
the compression ratio of an engine makes possible an increase 
in speed also, provided that the speed limitation is the tem- 
perature of the exhaust valve. Under such conditions, an 
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PER CENT INCREASE IN POWER 


Fig. 15 - Comparison of power increase by speed with that by 
compression 


increase in octane value of the fuel would allow an increased 


power output not only from an increased compression but 
trom increased speed also. 


Conclusions 


1. The compression ratio at which a fuel produces border 
line knock, with spark timing for maximum power and mix 
ture ratio for maximum knock, is called in this paper the 
critical compression ratio for the fuel used, in the engine 
tested. 

2. The spark timing to be used for compression ratios above 
critical should be retarded from that which would give opti 
mum power for a fuel which does not knock at these com 
pression ratios. 

3. It appears feasible to operate an engine above the critical 
compression ratio, provided that the spark timing is adjusted 
for maximum power with the fuel used. This will be less 
advance than with a fuel which would have allowed a higher 
critical compression. For each increase of compression ratio 
there was an increase in power output, until it was limited by 
preignition of the fuel. 

4. The tendency for a fuel to preignite varied inversely with 
its antiknock value, but was profoundly influenced by the 
design of the cylinder head, as it influenced the degree of 
cooling, as well as the thermal properties of the spark plugs. 
It only was influenced slightly by spark advance. 

5- It appears desirable to use a compression at least one 
ratio higher than critical for the fuel to be used, and retard 
the spark sufficiently to eliminate knock. This procedure 
resulted in higher engine efficiency but, what is still more 
important, if it becomes desirable to use a higher octane fuel, 


it makes possible a noticeable gain in power by suitably ad 
vancing the spark. 


Appendix 


Piston temperatures were taken by the method described in 
the Air Corps Technical Report* No. 2825 of June 25, 1927. 
In this method iron and constantan wires from the center of 
the piston head are led to contact pins of similar metals, 
rigidly attached inside the piston skirt. These pins contact 
similar metal springs when the piston is at the bottom of its 
stroke. Although this contact is made for less than 1/16 in. 
of piston travel, it is sufficient to balance a null-type poten- 
tiometer. Preliminary Air Corps tests indicated that such 
momentary contacts give accurate readings up to 4000 contacts 
per min. The only difficulty with this arrangement has been 
mechanical, for it is difficult to prevent breakage of the contact 
springs. 

Use of a cam which moves the springs out of reach of the 
contact pins on the piston, except when taking readings, 
greatly prolongs the running time before breakage. 

Valve temperatures were obtained by iron-constantan ther 
mocouples. A constantan wire was led through a hole drilled 
along the axis of each valve stem and was welded to the valve 
head. A small porcelain tube insulated this wire from the 
stem, and the wire was led out of_the stem at the neck which 
retained the spring keepers. The usual steel wedge spring 
retainers were replaced by bakelite retainers, which acted as 
insulators for the constantan wire. At the side of the stem 
opposite to which the wire was led out, an iron wire was 
welded on. These two wires, which constituted the iron 
constantan leads, were coiled in “pigtails” and joined to 
stranded leads. This arrangement proved entirely satisfactory 
for all engine speeds required of this test. 





8See Air Corps Technical Report No. 2825, June 25, 1927, Materiel 
Division, War Department: ‘‘Method of Measuring Temperature of 
Pistons.” 























Summary of NACA Investigations 
of High-Lift Devices 


By Carl J. Wenzinger 


{eronautical Engineer, National Advisory Committee for Aeronautics 


[GH-LIFT devices for improving safety in 

flight recently have assumed increasing im- 
portance because of the higher and higher per- 
formances demanded of both commercial and 
military airplanes, increases in size and weight, 
and rises in wing loadings, Mr. Wenzinger points 
out. In addition, he draws attention to the neces- 
sity for keeping landing speeds down to a reason- 
sonable figure, and for devising arrangements for 
assisting the take-off of large and heavily loaded 
airplanes because of the limitations of length of 
present-day runways. 


Summarizing the extensive investigations of 
lift-increasing devices carried out by the National 
Advisory Committee for Aeronautics during the 
past 10 years, the author stresses their effect on 
lift. Two general classes are considered: those 
located at the leading edge of the wing, and those 
located near the trailing edge. Several combina- 
tions of both are included. 


The author concludes that the slotted types of 
flap appear to be the most promising on the basis 
of the aerodynamic characteristics listed, in par- 


ticular the NACA arrangement of the double- 
slotted flap. 


URING a period of several years, the National Ad 

visory Committee for Aeronautics has been carrying 

on an extensive investigation of high-lift devices for 
improving safety in flight. These devices have assumed in- 
creasing importance during the past few years because of the 
higher and higher performances demanded of both com- 
mercial and military airplanes. These airplanes have increased 
in size and weight, and wing loadings have risen to values 
greatly in excess of those previously used; it has nevertheless 
been necessary to keep the landing speeds down to a reason- 
able figure. In addition to holding down the landing speeds, 
it also has been necessary to devise arrangements for assisting 
the take-off of large and heavily loaded airplanes because of 
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the limitations of length of present-day runways. Many 
other problems also have arisen such as the requirement for 
improved lateral control, the effects on stability, and the 
effects on tail-surface and landing-gear design. These other 
problems, however, are considered to be outside the scope ot 
the present paper. 

A large mass of data already has been published on the 
NACA investigations of high-lift devices. These publications 
will be referred to hereinafter by number. Because of the 
urgency for carrying out the experimental work, it thus far 
has been impossible to make a complete analysis of the exist- 
ing data. A detailed study of the subject is at present being 
undertaken, however, and it is hoped soon to present the 
results of this study, which will give a complete analysis and 
correlation of the existing data. The present paper is an 
attempt to summarize briefly the NACA investigations of 
high-lift devices and to present some of the more outstanding 
results of those investigations. Because of limits of space and 
time, the discussion will be devoted primarily to the effects of 
the various devices on lift. In the consideration of the use of 
a high-lift device for a given purpose, however, it is, of course, 
necessary to consider other important factors such as drag, 
pitching moment, flap-operating loads, and Reynolds Number. 


DETAILS OF THE INVESTIGATION 


The general scheme of the NACA program of research on 
high-lift devices is: first, to make detailed investigations in 
the 7 by 10-ft wind tunnel of those devices that seem to offer 
some improvement over existing ones. The best arrangements 
of the most promising devices are then mounted on an actual 
airplane and tested at large Reynolds Numbers in the full- 
scale wind tunnel and in flight. 

So that the detailed tests will be as comparable as possible, 
they are all made in the 7 by 10-ft wind tunnel’* at an air 
speed of about 80 mph. Most of the models originally tested 
had spans of 5 ft, aspect ratios of 6, and Clark Y airfoil sec- 
tions. A few other sections, such as the NACA 23012 and the 
NACA 23021, also have been tested from time to time. These 
models were all tested under three-dimensional-flow condi- 
tions at an average test Reynolds Number of 609,000; the 
effective Reynolds Number was 850,000. 

About a year ago, the 7 by r1o-ft open-throat wind tunnel 
was modified by the addition of a closed test section and a 
new entrance cone. With these changes, which made the top 
and the bottom of the test section parallel, an arrangement 
was obtained whereby two-dimensional-flow tests can be made 
conveniently of large-chord models completely spanning the 
jet in a vertical plane. At the present time, most of the models 
tested have a chord of 3 ft with a span of 7 ft, and various 
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airfoil sections are used. The average test Reynolds Number 
for these tests is 2,190,000; the effective Reynolds Number is 
3,500,000. The results from these two-dimensional-flow tests, 
corresponding to infinite-aspect-ratio characteristics, may be 
converted readily for practical purposes to finite- -aspect-ratio 
conditions by the use of simple induced-drag equations. For 
the purposes of the present paper, the results are given as 
applying to rectangular wings of aspect ratio 6 and an effective 
Reynolds Number of 850,000. 

The high-lift devices investigated generally consist of some 
arrangement for altering the shape and size of the original 
unbroken wing profile, either in cross-section or in plan form, 
or both. Some of these devices are located at the leading edge 
of the wing, some at the trailing edge, and some are combina- 
tions of both. In addition, a few devices are included that do 
not fall readily into the foregoing simple classifications. 


LEADING-EDGE DEVICES 


Some general types of high-lift devices located at the lead- 
ing edge of the wing that have been investigated, are shown 
in Fig. 1. These devices may be divided into two main 
groups: fixed and movable. The group of movable devices 
may be subdivided further according to the method of opera 
tion into automatic and controllable types. 

Fixed Auxiliary Airfoil 

One arrangement of the fixed type of high-lift device con 
sists of the combination of a main wing and an auxiliary 
airfoil permanently fixed ahead of and somewhat above the 
nose of the main wing. Several investigations have been made 
of a Clark Y wing equipped with such an auxiliary airfoil. 
The auxiliary airfoil has been tested in many different posi- 
tions with respect to the main wing until the best aerodynamic 
conditions were covered. Fig. 2 shows the effect (by means 
of contour lines of the auxiliary trailing edge) on the increase 
in maximum lift coefficient of the wing, 4%max° due to 
varying the position of the auxiliary airfoil”. Increases of 
about 40% were obtained in the maximum lift of the plain 
wing as well as increases of about 9 deg in the angle of 
attack for maximum lift. In addition, a speed-range ratio, 
Chax!CP mint was increased about 21% above that of the 


plain wing. The foregoing values have been checked by 
flight tests of a small parasol monoplane equipped with an 
auxiliary airfoil®, and the percentage increases mentioned 
showed good agreement. 

Auxiliary airfoils having various profiles, symmetrical, 
medium camber, and high camber, have been tested, as well 
as those having different chords ranging from 7.5 to 25% of 
the wing chord*. The results of these tests showed that the 
maximum lift coefficients obtained, based on the total area, 
were very nearly the same for all of the auxiliary airfoils 
tested, but the symmetrical airfoils gave lower values of the 
minimum drag coefficients. 

In order to obtain information applicable to structural de- 
sign, tests were made to determine the division of air load 
between the auxiliary airfoil and the main wing. These tests 
showed that the auxiliary airfoil took a relatively large pro- 
portion of the total load, particularly in the case of the highly 
cambered auxiliary airfoil at low angles of attack. 


Fixed Slot 


Another type of fixed device, a wing with non-movable 
slots, has been investigated because such an arrangement 
probably has certain advantages over a wing with a movable 
slot, such as greater simplicity and dependability, less weight, 
and less maintenance. The greatest disadvantage seems to be 
the high drag at low angles of attack. 
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A series of tests was made of a Clark Y wing to develop a 
low-drag fixed slot that would avoid the complications and 
maintenance difficulties of the movable-type slot”. These tests 
covered a group of fixed slots in an attempt to reduce the 
minimum drag coefficient without decreasing the maximum 
lift coefficient or the stalling angle of the slotted wing. 

An arrangement of a fixed slot near the leading edge was 
developed that increased the maximum lift of the plain wing 
by 34.6% and increased the angle of attack for maximum lift 
by 9 deg. The minimum total drag was increased 52.6% 
above that of the plain wing. 

Further development of the fixed slot was undertaken by 
tests to determine the effects of slot location along the chord 
of the wing®. The increments in maximum lift coefficient 
with a fixed slot at different locations are shown in Fig. 3. As 
the slot location is moved back toward the trailing edge, the 
lift increments decrease. The tests also showed that the mini- 
mum drag decreased as well as the angle of attack for maxi 
mum lift. 

In an attempt to reduce further the drag of the leading-edge 
fixed slot, a form of slot was tried, the lower and the upper 
surface openings of which were located at points of equal 
static pressure as determined from the pressure distribution 
about the plain wing at a lift coefficient corresponding to 
high-speed flight. (See Fig. 4.) Theoretically, no air will 
flow through such a slot at the equal-pressure condition; it 
was therefore expected that the high-speed drag would be only 
slightly increased because the disturbance of the flow about 
the wing produced by air passing through the slot is’ 
eliminated. 

The results obtained showed that the condition of no air 
flow through the slot at the desired lift coefficient was attain 
able. The surface discontinuities produced by the slot open 
ings have, however, such a large effect on the drag that such 
slots do not show very great promise. 


Movable Slot 


One of the most common types of movable leading-edge 
high-lift device is the movable wing slot. This arrangement 
of wing slot, either automatic or controllable, is used largely 
in Europe and to a considerable extent on the Handley-Page 
airplanes. The movable slot is used in preference to slots of 
the fixed type because the minimum drag of the wing is 
affected only a small amount when the slot is closed. The 
operation of opening and closing the slots, whether or not 
performed automatically, however, requires extra mechanism 
with its attendant maintenance and weight. In addition, the 
hazard of ice formation on the slat must be given considera- 
tion in application to design. 

An investigation of the Handley-Page type of movable slot 
was made to determine the effects of varying the slat location 
and angle with respect to the main wing’. Previous data have 
shown that the importance of shape and the size of the slat 
is secondary to position. The effects on the increment in 
maximum lift coefficient, 4@4,,,.: due to changing the loca 
tion of the slat are shown for one arrangement in Fig. 5. The 
best arrangement of full-span slot obtained gave an increase 
of 41.5% in maximum lift coefficient above that of the plain 
wing and an increase of 13 deg in the stalling angle. Tests of 
a full-scale low-wing airplane equipped with movable slots® 
showed fair agreement with the results from the wind-tunnel 
model tests. 

Another type of movable slot, designated the “Maxwell” 
slot, also was investigated’®. With this arrangement, the slat 
does not move out and down as in the Handley-Page type 
but merely rotates about a point near the leading edge of the 
wing. A plate is used to close the slot entrance on the lower 
surface of the wing. The results of the tests of this arrange 
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ment showed it to have about the same aerodynamic char- 
acteristics as a Handley-Page slotted wing with the same size 
of slat. 

The discussion of slots just given has dealt with the effects 
on lift and angle of attack. Another important function of 
leading-edge slots is their use to improve the stability in roll 
of wings at angles of attack above that corresponding to the 
stall of the plain wing. Partial-span slots appear to be the 
most satisfactory for this purpose and, in order to determine 
the effects of these slots on stability, an investigation was 
made in the wind tunnel of various lengths of slot on a 
rectangular wing'’. These effects were obtained by measur- 
ing the damping in roll by means of both free-autorotation 
and forced-rotation tests; in addition, the effect of slot length 
on the maximum lift was found. Fig. 6 shows the angles of 
attack for different slot lengths at which the wing becomes 
laterally unstable and above which an autorotational tendency 
exists. It will be noted that the optimum length of slot for 
stability purposes is somewhat greater than 50% of the wing 
semispan. The effects on the increment in maximum lift 
coefficient, 4©+,,,.+ of the wing are shown in Fig. 7. Partial- 
span slots shorter than 50% of the semispan are ineffective in 
increasing the maximum lift of the entire wing. 

The design of the slat and its supporting structure requires 
considerable detailed information regarding the air loads act- 
ing on the wing and the slat. Data applicable to design 
purposes have been obtained in the wind tunnel for one 
arrangement of slotted wing!*. The results of these tests 
showed the maximum slat normal-force coefficient to be about 
2.5 at the stalling angle of the wing; the center of pressure 
of the load on the slat was located at about 40% of the slat 
chord in the usable range of angles of attack. 


TRAILING-EDGE DEVICES 

High-lift devices located at the trailing edge of the wing 
are in much greater use on airplanes at the present time than 
are those located at the leading edge. There is also a much 
greater variety of trailing-edge than of leading-edge devices. 

The trailing-edge high-lift devices may be divided into two 
general classes according to their aerodynamic action: non- 
slotted and slotted devices. Some general types of non-slotted 
devices are shown in Fig. 8, and of some slotted ones in 
Fig. 9; many different variations of each type have been 
investigated. The main characteristic of the non-slotted type 
is its ability to produce high lift with high drag; the slotted 
type is capable of producing both high lift with high drag 
and high lift with low drag. The principal use of the non- 
slotted device is to steepen the glide during landing; the 
slotted type, on the other hand, is suited especially for improv- 
ing both the take-off and the landing characteristics of air- 
planes. 


Non-Slotted Flaps 


Plain Flap — One of the simplest types of trailing-edge high- 
lift device is the plain flap in which a portion of the wing 
trailing edge is hinged to move downward. Several investiga- 
tions of this arrangement have been made, and the effects of 
flap gap, deflection, chord, span, and section on aerodynamic 
characteristics have been measured. 

The effects on 4€z,,,. are shown in Fig. 10 for different 
flap deflections when there is a small gap between the nose of 
the flap and the wing, and when the gap is sealed com- 
pletely'®. The importance of sealing the gap is immediately 
evident; sealing the gap is always advisable when this type of 
flap is used so that the maximum effects may be obtained. 

Plain flaps ranging in chord up to 30% of the wing chord 
have been investigated on a Clark Y wing". Each size of flap 
was tested through a range of deflections from zero up to the 
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angle giving the highest value of Ciiax Fig. 11 shows the 
effect of flap chord on the increments in maximum lift obtain- 
able with the plain flap. It will be noted that, for sections of 
medium thickness, a flap having a chord 20% of the wing 
chord is the optimum one of this type for ACL. 

The 20% chord flap also was tested in conjunction with a 
few wings of different profile; the points from these tests are 
included in Fig. 11. It will be seen that the highest increment 
in maximum lift is obtained with this size of flap on the thick 
section, the NACA 23021. This characteristic does not mean 
that the NACA 23021 wing with the plain flap necessarily 
has the highest actual lift; it means that it has the highest 
increment in lift above that of the plain NACA 23021 wing. 
Consideration also must be given to other factors, particularly 
to the Reynolds Number at which it is desired to use the 
flapped-wing characteristics. 

The effects of varying the span of plain flaps on both rec- 
tangular and tapered wings are shown in Fig. 12'*. It will 
be noted that the increments in maximum lift are greater for 
the wings with center-section flaps than for those with tip- 
section flaps of the same size and that the increment for full- 
span flaps is somewhat higher with the rectangular wing. 

In order to supply information applicable to structural de- 
sign, measurements of air loads acting on plain flaps have 
been obtained from a few investigations, the results being 
given in the form of air loads acting on the wing and the flap 
and as flap hinge moments!* 1516, This type of flap has 
relatively high hinge moments and is not easily susceptible to 
aerodynamic balance without considerably reducing its ef- 
fectiveness. 

Split Flap —- The type of flap in most general use at the pres- 
ent time is the simple split flap, in which the rear portion of 
the wing is split into upper and lower sections, and the lower 
section is deflected downward. Numerous investigations have 
been made of this type of flap, and the effects on aerodynamic 
characteristics of flap chord, deflection, section, location, gap, 
span, and Reynolds Number have been measured. 

Split flaps ranging in chord up to 40% of the wing chord 
have been investigated on a Clark Y wing", each size of flap 
being tested through a range of deflections including that giv- 
ing the highest “4s The effect of fap chord on 4@%n0x 
obtainable with the split flap is shown in Fig. 13. When the 
Clark Y section (medium thick) is used, it is noted that a 
flap having a chord 30% of the wing chord is the optimum 
one for 42,,,.' although there is little difference with either 
the 20 or the 40% chord flaps. 

The 20% chord flap was tested also in combination with 
wings of several different profiles’*: 15 1%; some of these re- 
sults are included in Fig. 13. As in the case of plain trailing- 
edge flaps, the highest increment in maximum lift is obtained 
with the thick section, the NACA 23021. Results given in 
NACA Technical Report No. 61o!® indicate that the incre- 
ments do not change appreciably with camber for the 230, 
430, or 630 series of NACA airfoils. Flight tests of a small 
airplane equipped with a split flap? showed fair agreement 
with wind-tunnel results. 

The effect of varying the fore-and-aft location of the hinge 
axis of split flaps is shown in Fig. 14 for several chord sizes 
on a Clark Y wing and for one size on an NACA 23012 
wing'*’ #1, Included among these arrangements is the type 
of split flap known as the zap flap, in which the trailing edge 
of the flap when deflected is on a line with the wing trailing 
edge. Some tests in the full-scale wind tunnel and in flight 
of a small parasol monoplane**: *3 gave good agreement with 
the results of tests of the wing alone in the 7 by 10-ft wind 
tunnel. 

One size of split flap has been tested on a Clark Y wing to 
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determine the effects of a gap between the flap and the lower 
surface of the wing”*. The effects on 4©z,,,. are shown in 
Fig. 15 for various sizes of gap with a split flap having an 
overall chord 20% of the wing chord and deflected 60 deg. 
Any gap reduces the lift increment possible; it is therefore not 
desirable to extend a split flap below the wing surface a dis- 
tance greater than the flap chord. 

The effect of a gap, however, does not hold for the case of 
the so-called balanced split flap”®. With this arrangement, the 
flap is given an airfoil section, and a slot is formed between 
the lower part of the split upper surface of the airfoil and the 
flap when deflected. The combination so obtained, which ac- 
tually becomes a form of slotted flap, gives lift increments 
about the same as those of a simple split flap, but the forces 
required to operate the flap are much smaller (Fig. 16). 

The effect of varying the span of split flaps on both rec- 
tangular and tapered wings is shown in Fig. 177° 27, These 
results are quite similar to those obtained for the plain flap 
and show that the increments in maximum lift are greater 
for the wings with center-section flaps than for those with 
tip-section flaps of the same size. 

The scale effects on increments of maximum lift due to 
split flaps have been measured for several different airfoil sec- 
tions’ 18.19, Tt was found that each scale-effect curve rep- 
resenting an airfoil with a split flap tends to parallel the cor- 
responding curve for the same airfoil without a flap. This 
characteristic is shown in Fig. 18, where a plot is given of the 
variation of Cymax with effective Reynolds Number for the 
NACA 23021 airfoil with and without a split flap. It will be 
noted that the split flap simply adds a practically constant 
increment to the maximum lift without otherwise changing 
the character of the scale effect. Hence, if the lift increment 
due to these flaps is known from low-scale tests, the actual 
maximum lifts obtainable at high scale may be obtained by 
adding the increment to the value of maximum lift of the 
plain wing at the desired Reynolds Number. 

Several investigations have been made to obtain data ap- 
plicable to the structural design of various arrangements of 
split flaps. Wind-tunnel measurements of chord loads and 
flap hinge moments are reported in NACA Technical Report 
No. 539 and NACA Technical Notes Nos. 498 and 6277” 2°: 
29 and both chord and span-load distributions for rectangular 
and tapered wings with partial-span split flaps are given in 
NACA Technical Report No. 571° and NACA Technical 
Note No. 591°. The air loads and hinge moments of the 
split flaps were found to be approximately the same as those 
of corresponding arrangements of plain flaps. 

A theoretical investigation also has been made*? in which 
a method is presented for the rapid calculation of the incre- 
mental chordwise normal-force distribution over an airfoil sec- 
tion due to the deflection of a split flap, a plain flap or tab, or 
a multiple flap. A method also is included for the calculation 
of the flap normal-force and hinge-moment coefficients with- 
out necessitating a determination of the normal-force distri- 
bution. 


Slotted Flaps 


As previously mentioned, the slotted type of wing flap is 
characterized by its ability to produce both high lift with high 
drag and high lift with low drag so that such arrangements 
should be of great benefit to improving not only the landing 
but also the take-off characteristics. The slotted flaps may be 
separated broadly into two groups: those that retract and those 
that do not retract into the wing from high-lift to neutral con- 
ditions, and those that increase the wing area from neutral to 
high-lift conditions. Several arrangements of each group have 
been investigated and their characteristics have been measured 
both in the wind tunnel and in flight. 


External-Airfoil Flap- The external-airfoil flap consists of 
an auxiliary airfoil that does not retract into the main wing 
but remains external to it at all times (Fig. 9). This type of 
flap is used to a considerable extent in Europe, mainly on the 
Junkers airplanes. Several investigations have been made of 
the combination of an external-airfoil flap and a main wing, 
and the effects on aerodynamic characteristics of flap location, 
deflection, wing and flap section, flap chord, and Reynolds 
Number have been measured. 

The effects of flap location and deflection have been de- 
termined for a few arrangements of the external-airfoil flap in 
which both the wing and the flap airfoil sections were varied 
83, 34,35. Fig. 19 shows the variation of the maximum_lift 
increment (based on total area) due to the flap set at 30 deg 
down with change in the flap location. The flap used in this 
case had a chord 20% of the main wing chord, and both flap 
and wing had the NACA 23012 section**. It will be seen im- 
mediately that vertical location of the flap is quite critical, but 
that the fore-and-aft position may be varied over a consider- 
able range without greatly affecting the lift. Maximum lift 
with low drag is obtained at a deflection of about 30 deg with 
the external-airfoil-flap arrangements. High lift with high 
drag is available with larger flap deflections. 

The most promising combinations of wing and flap so far 
developed have the NACA 230 series of airfoil section*®®: *°, 
Fig. 20 gives the increments in maximum lift obtainable with 
NACA 23012 and NACA 23021 sections for the main wing 
and with the NACA 23012 section for the flap. Two sizes of 
flap also are given for the NACA 23012 arrangement. It will 
be noted that the thick main wing and flap combination gives 
a higher increment than the medium section, a characteristic 
that already has been mentioned for the unslotted types of 
flap. In addition, the 30% chord flap gives a higher incre- 
ment than the 20%; the increment is about the same as that 
given by the 20% chord flap on the thick wing. Flight tests** 
of a small airplane equipped with an arrangement of the 
external-airfoil flap showed good agreement with the smaller 
scale wind-tunnel model tests. 

The scale effect on increments of maximum lift due to one 
arrangement of external-airfoil flap has been measured in the 
variable-density tunnel for the NACA 23012 sections!®* 3°. 
The results are plotted in Fig. 21, and it will be noted that 
the wing with the external-airfoil flap shows a break in the 
scale-effect curve. This break is of particular interest because 
it represents a case in which the failure of the wind-tunnel 
flow to reproduce the corresponding flow in flight at the ef- 
fective Reynolds Number becomes of practical importance. 
The effect is believed due to the action of the slot as affected by 
the boundary-layer thickness relative to the actual slot width 
and did not occur with larger models tested at lower Reynolds 
Numbers in the 7 by 1o-ft tunnel. At Reynolds Numbers 
above the break, the scale-effect curve for the wing with the 
external-airfoil flap tends to parallel the corresponding curve 
for the plain wing as in the case of unslotted flaps. Hence, 
an increment of practically constant magnitude is added to 
the maximum lift of the plain wing without otherwise chang- 
ing the character of the scale effect. 

Data for use in the structural design of external-airfoil flaps 
have been obtained from pressure-distribution tests of an NA- 
CA 23012 wing with NACA 23012 flap*®. These tests showed 
that the maximum normal-force coefficient of the external- 
airfoil flap was about the same as that of plain or split flaps. 
The hinge moments, however, were much lower because of 
the axis location used with the external-airfoil flap. 

Fowler Flap - The Fowler flap consists of an airfoil which 
retracts into the lower rear portion of the wing when not in 
use, but which is extended to the rear and downward when 
high lift is desired (Fig. 9). A slot is formed between the flap 
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and the trailing edge of the main wing to maintain unburbled 
air flow over the flap at high lifts. Thus, in its extended posi- 
tuuon, the Fowler flap is very similar to the external-airtoil flap. 

Fowler flaps of three different sizes have been investigated 
to determine the effects on aerodynamic characteristics ot the 
wing and flap coinbination®” #°, The variation of increment 
in maximum lift (based on area of plain wing) with flap 
chord is shown in Fig. 22 for wing and flap combinations 
having the Clark Y section. It will be noted that the lift 
increases approximately in proportion to flap size if the area 
of the original wing only is considered. If the increases in 
lift are compared on the basis of total (wing plus flap) area, 
however, it will be found that little is to be gained by using 
flaps having chords greater than 30% of the main wing chord. 

Some tests of a small airplane equipped with a partial-span 
Fowler flap*' showed that the lift increments obtainable in 
Hight agreed well with those indicated by the small-scale model 
tests. The increments were also found to be independent ot 
teynolds Number over the range investigated with the air 
plane. 

An investigation was made in the wind tunnel** to find the 
further increase in maximum lift coefficient that could be ob- 
tained by providing a wing and Fowler flap combination with 
a leading-edge slot. A Handley-Page slot was used first, but 
it gave only a slight increase when used with the flap, so a 
special form of slot was developed (Fig. 23). With the best 
combined arrangement, the maximum lift increment with flap 
was raised from 1.90 to 2.35. 

The structural design of Fowler flaps is somewhat compli 
cated by the combined movement and deflection of the flap. 
Data applicable to design of Fowler flaps were obtained from 
pressure-distribution measurements over a Clark Y wing with 
Clark Y Fowler flap and over an NACA 23012 wing with 20, 
30, and 40% chord NACA 23012 Fowler flaps**. The results 
of the investigation showed that, for a given lift of the com 
bined wing and flap, the effect of increasing the chord of the 
Fowler flap was to increase the portion of the total load car 
ried by the flap and to decrease the adverse pressure gradients 
of the main airfoil and its tendency to stall. The maximum 
values of normal-force coefficient of the Fowler flap were ap 
proximately the same as those of external-airfoil, plain, and 
split flaps. 

Handley-Page Type Flap-— The Handley-Page type of 
slotted flap forms part of the main wing section when neutral 
and, when deflected, a slot is formed between the flap and the 
rear portion of the main wing (Fig. 9). The arrangement is 
used to a considerable extent in Europe on the Handley-Page 
airplanes and others, and is beginning to find application in 
the United States at the present time. 

One combination of wing and slotted flap has been tested 
using the Clark Y airfoil section®; the lift increment due to the 
deflected flap had a value of 0.7. This value, however, is con 
sidered low, probably owing to the poor slot shape and flap 
location used. 

The same Clark Y wing with slotted flap was tested also 
with fixed wing slots at various locations along the chord. A 
few of the combinations are shown in Fig. 24, together with 
the lift increments obtained above the plain wing value. 

Flight tests of a small low-wing airplane equipped with a 
slotted flap® showed a lift increment due to the flap that agreed 
well with the previously mentioned low value. The slot shape 
and the flap location on this airplane also appear to be poor 
aerodynamically, which probably accounts for the results ob 
tained. 

The results of a recent extensive investigation by the NACA 
of slotted flaps (unpublished) showed that an increase in the 
wing lift coefficient of about 1.13 was obtainable with an opti 
mum arrangement on a medium-thick airfoil. (See Fig. 25). 
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In addition, equipping the main slotted flap with an auxiliary 
slotted flap shows promise of considerably improving the lift 
increments due to the main slotted flap. 

The information applicable to structural design of slotted 
flaps is very meager. The loads on these flaps have therefore 
been investigated for one arrangement by pressure-distribution 
measurements over the wing and flap’®. The results obtained 
showed that the maximum normal-force coefficient of this 
slotted flap had a higher value than that attained by other 
types of flap, and the magnitudes of the pressure chord-force 
coefficient were relatively large. 

Balanced Split Flap-The balanced split type of flap has 
been mentioned previously in connection with split flaps, but 
actually it is a form of slotted flap (Fig. 16). The flap was 
developed originally*® in an attempt to reduce the high hinge 
moments of the simple split flap and, at the same time, to 
permit rapid operation of the flap. It appears likely to become 
a promising arrangement of slotted flap when used with thick 
wing sections. 

The balanced flap was tested in flight on a small monoplane 
to obtain flight information concerning the effect of quick 
operation of such a flap**. It was found that, for flap move 
ments accompanied by a change of lift characteristics and con 
sequently of velocity, there is an appreciable delay in obtaining 
a desired change in glide angle even though the flap is oper 
ated instantaneously. Immediate control of the glide path is 
obtained only when the speed is maintained constant during 
movement of the flap. When the speed is changed, the devia 
tion from the desired path during transition increases in pro 
portion to the rapidity with which the flap is moved so that, 
with a high-lift flap, abrupt retraction at speeds less than the 
minimum speed with flap retracted may be dangerous if 
practiced close to the ground. 

Glide-Control Flap —In an attempt to improve on the char 
acteristics of the balanced flap, a wind-tunnel investigation 
was made for the purpose of obtaining a flap arrangement 
suitable for direct and immediate control of the steepness of 
the glide path of an airplane*®. A flap was desired which 
would have a high lift with low deflection, 20 or 25 deg, 
together with a relatively low drag, and which also would 
give about the same maximum lift with further flap deflection 
to a high angle accompanied by a high drag. The arrange 
ment developed is shown in Fig. 26 together with polar curves 
for the various flap deflections. It will be noted that the maxi 
mum lift coefficients are very nearly constant for all flap de 
flections from 30 to 80 deg. At a constant value of the lift 
coefficient suitable for a glide approach to a landing, the drag 
increases quite regularly with increase in flap deflection above 
20 deg. The characteristics obtained indicate that, if flap- 
operating forces were reasonably low and regular, this flap 
would provide a satisfactory glide-angle control. 


MISCELLANEOUS DEVICES 
Low-Aspect-Ratio Wings 


Wings without High-Lift Devices — Wings having the char 
acteristics of high lift together with high drag at high lift 
without the use of devices such as slots and flaps appear very 
desirable for certain types of airplanes. Low-aspect-ratio wings 
were believed to possess these characteristics and a few wind- 
tunnel investigations were made to obtain such information. 
In one series of tests*®, Clark Y airfoils were used with aspect 
ratios varying from 6 to 0.5. The airfoils were tested with 
rectangular, faired, and rounded tips to determine the effect of 
tip shape upon the characteristics. Fig. 27 shows the effects on 
Cioax of different aspect ratios and tip shapes. The maximum 


lift decreases from aspect ratio 6 down to about 2.9 or 1.5; 
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however, further decreases in the aspect ratio give increases in 
the maximum lift coefficient, the airfoil with rounded tips 
and aspect ratio 1.27 giving the highest lift of all the models 
tested. These increases result from the delay of the stall so 
that the maximum lift occurs at high angles of attack, about 
45 deg. 

Wings with High-Lift Devices — Further tests were made of 
several airfoils of extremely low aspect ratio to determine the 
effects of dihedral and of fixed slots through the wing*’. The 
results of these tests showed a definite improvement in lift with 
increase in dihedral. Lift characteristics near the stall, how- 
ever, were not affected appreciably by the slots through the 
rear portion of the airfoils. 

A low-aspect-ratio wing suitable for a possible tailless air- 
plane also has been investigated*®. As shown in Fig. 28, the 
wing has a large amount of taper and a straight trailing edge 
and is provided with a constant-chord flap, which extends 
along the entire trailing edge and is divided into four sections 
for longitudinal control and balance. The full-span flap was 
found to be more efficient than the semi-span flaps in giving 
high lift with longitudinal balance. The loss in maximum 
lift due to the necessity of obtaining balance without the usual 
tail arrangement is shown on the figure. 

In order to obtain higher lift coefficients with the flap set to 
trim, another investigation was made*® of the same wing with 
the addition of a leading-edge auxiliary airfoil. (See Fig. 28). 
It will be noted that the auxiliary airfoil increased the maxi- 
mum lift of the wing over that of the wing without auxiliary 
for both the trimmed and the untrimmed conditions. The 
increase in lift, however, was found to be accompanied by an 
approximately proportional increase in drag at the high-speed 
condition. 


Boundary-Layer Control 


One of the main objects of controlling the flow of air in the 
boundary layer close to the surface of the wing is to prevent, 
so far as possible, the appearance of discontinuous flow over 
the upper surface of the wing in order to obtain a decrease in 
the profile drag, and an increase in lift as the angle of attack 
is increased to large values. In general, this boundary-layer 
control is accomplished by blowing air from inside the wing 
out through rearward-opening slots nearly parallel to the sur- 
face or by suction acting from inside the wing through slots. 

With Supplementary Equipment -— Several investigations 
have been made in the wind tunnel of model wings on which 
the boundary layer has been controlled by an external blower 
connected to the wing®® 5152. Two types of slots used for 
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this purpose are shown in Fig. 29. These test results and other 
results from unpublished data indicate that, in general, lift 
coefficients of over 3.0 at large angles of attack could be ob- 
tained experimentally with relatively small power required for 
the blower. Combining a split flap with the boundary-layer 
control considerably increased the maximum lift and reduced 
the angle of attack for maximum lift to more usable values, 
Control of the boundary layer by suction was found to be more 
economical than by pressure but, with the exception of rear- 
ward-opening slots, all such slots had a detrimental effect upon 
the aerodynamic characteristics of the wing if the blower was 
not in operation. Data available at the present time are be- 
lieved to be insufficient for application to designs incorporating 
the foregoing types of boundary-layer-control methods. 

Without Supplementary Equipment-A few attempts to 
use the pressure differences about a wing to control the boun- 
dary layer by suction are described in NACA Technical Notes 
Nos. 324 and 371°%: °4, In one case, the model was equipped 
with a gauze-covered suction slot connected by an air passage 
through the wing to a split flap near the trailing edge. In 
the other investigation, an attempt was made to control the 
boundary layer on the wing upper surface by use of the low 
pressure existing near the leading edge®*. This low pressure 
was used to induce flow through slots in the wing upper sur- 
face. The results obtained with both arrangements were un- 
favorable and showed that the maximum lift of the plain wing 
was reduced and that the minimum drag was increased. 


Rotating Cylinders 


Rotating cylinders offer a means by themselves of giving 
very high lift coefficients independent of angle of attack. Com- 
bined with airfoil sections, they also considerably increase the 
maximum lift and stalling angle of the plain wing. 

An investigation by the NACA of plain rotating cylinders 
showed that it was possible to obtain a lift coefficient of about 
9.5, although the maximum was not reached in these tests®, 
A plot is given in Fig. 30 of C;, against ratio r of peripheral 
speed to forward speed for the cylinder extending across a 
closed circular wind tunnel. Further tests of a cylinder 
equipped with circular end plates (unpublished) also are 
plotted on the same figure and show lift coefficients obtainable 
up to 22.0. Drag is also high, but the ratio of lift to drag for 
this high lift coefficient was about 22.0. Little detailed data 
are available for various arrangements of rotating cylinders. 


CONCLUDING REMARKS 


Various basic arrangements of high-lift flaps investigated by 
the NACA are grouped for comparison in Fig. 31. The com- 
parisons made in this figure are of the wing section, or in- 
finite-aspect-ratio characteristics, corresponding to an effective 
Reynolds Number of 3,500,000. The characteristics consid- 
ered are the maximum lift coefficient, the increment of maxi- 
mum lift coefficient due to the lift-increasing device, and the 
ratio of maximum lift to minimum drag which is an indica- 
tion of the speed range obtainable with a given combination. 

The slotted types of flap appear to be the most promising 
on the basis of the aerodynamic characteristics listed; the NA- 
CA arrangement of the double-slotted flap (unpublished) 
shows up the most favorably of the entire group. 

It should be remembered that the data in the present paper 
were obtained from investigations of lift-increasing devices by 
the NACA over a period of about 10 years. Many combina- 
tions of these devices and new arrangements still remain to 
be investigated; what the next 10 years will bring in the way 


of lift-increasing devices is very difficult to foretell. Con- 


tinuous research is being carried on in order to obtain further 
improvements leading to greater safety in flight. 





























Loss Prevention 1n Non-Scheduled 
Civil Aviation 


By Jerome Lederer 


Chief Engineer, Aero Insurance Underwriters 


HIS paper distinguishes between losses and 

accidents as the latter word is used commonly. 
The loss of an airplane by hangar fire, for ex- 
ample, usually is not considered an accident. 
Although such losses may not involve safety of 
life, they affect aviation economics and are there- 
fore important to the aviation industry. Fire and 
windstorm loss prevention are discussed, and an 
analysis of light-airplane accidents by type of fly- 
ing, by type of pilot, by cause, and by nature also 
is presented. 


The paper also stresses the importance of edu- 
cation in achieving greater safety. It brings out 
the need for more careful instruction of student 
pilots and especially the desirability of establish- 
ing an agency for the training and coaching of fly- 
ing instructors. The need for an airplane that will 
not stall or spin also is brought out. 


VIATION literature abounds with information about 
safety and the prevention of accidents. A tremendous 
amount of thought and activity is devoted constantly 

to the achievement of greater safety in the design and opera- 
tion of airplanes. Accident records and statistics are studied 
zealously to determine where improvements can be made. 
But, according to the former Bureau of Air Commerce and 
presumably the present Civil Aeronautics Authority: “An 
aircraft accident is an occurrence which takes place while an 
aircraft is being operated as such, as a result of which a 
person or persons are injured or killed or the aircraft receives 
appreciable or marked damage as a result of a failure of the 
aircraft structure or engine or through the forces of external 
contact, or through fire. For the purpose of analysis, an air- 
craft is considered as ‘being operated as such’ from the time 
the pilot or passengers board the aircraft with the intention of 
flight until such time as the pilot and passengers disembark 
from the aircraft upon completion of flight.” 

Without taking issue with the definition, everyone should 
recognize the fact that many losses occur outside this concep- 
tion. Although these losses may not necessarily involve safety 
of passengers, of the public, or of personnel, they do seriously 
affect aviation economics. For instance, when a hangar full 





[This paper was presented at the 


National Aircraft Production Meeting 
of the Society, Oct. 15, 1938.) 
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of airplanes is destroyed by fire, no one’s safety is necessarily 
involved; an accident as just defined has not occurred. But, in 
one recent hangar fire, aviation suffered a loss of aircraft 
valued at $300,000 or the equivalent of $30 for each civil 
airplane in this country! Insurance companies pay out an 
average of $2000 per week for airplanes lost by fire alone. 
Furthermore, when a radio is stolen from an airplane, when 
a hangar collapses on airplanes stored in it, when a wind- 
storm picks up a parked airplane and then hurls it down to 
crash or when a spectator stumbles over a tail wheel dolly 
and sprains his back, losses occur which may be far removed 
from safety as that word is understood usually in aviation. 
These losses in the end are paid for by airplane owners. Aero- 
nautical engineers, therefore, should be interested not only in 
the special study of safety to passengers and crew but also in 
the general study of loss prevention. 

To cover completely the field of loss prevention would be 
impossible in a paper of this nature. These notes will be 
confined to some of the outstanding loss-prevention problems 
in non-scheduled civil aviation such as windstorm, fire, and 
particularly light-airplane losses because light airplanes are 
involved in over 30% of all accidents while constituting about 
22% of all civil airplanes. Furthermore, the light-plane busi- 
ness is the fastest growing in aviation and, therefore, deserves 
special consideration right now. Moreover, what is true of the 
light airplane is also generally applicable to all airplanes. 

Loss prevention or safety can be achieved in three ways: by 
improvements in design, by control or regulation, and by 
education or experience. 

Regulation and education are governed largely by the de- 
sign and characteristics of the airplane. For instance, if air- 
planes were designed that would not stall or spin, Federal 
regulation of spin-testing or the education of student pilots in 
the danger of the stall or spin, would not be necessary. Certain 
physical standards like depth perception and the need for 
thorough education in landing technique result from the land- 
ing characteristics peculiar to the present conventional type of 
airplane. The need for regulation and safety education is, 
therefore, no compliment to the engineer. Regulation and 
education should vary inversely with improvements in design. 

Pending improvements in design, the prevention of losses 
by wind and fire requires a minimum of regulation and a 
maximum of education. The number of airplanes lost by fire 
or windstorm last year is unknown because such losses, being 
outside the official definition of accidents, were not reported 
in the Bureau of Air Commerce analyses of accidents and no 
other agency is gathering the information. Perhaps the new 
Civil Aeronautics Authority will expand its activities to in- 
clude all losses. 

Light airplanes need not be caught in a storm to suffer 
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damage by wind. Low wing loadings make them very sus- 
ceptible to damage by winds of relatively small velocities. A 
light plane being operated by a novice in a wind of about 
20 mph (known as a moderate or fresh wind) or over is 
likely to be damaged seriously. Taxiing these planes in fresh 
winds requires skill and experience. Even winds less than 
20 mph are dangerous for light planes, but proper instruction 
in the difficult taxiing problems presented by wind would 
eliminate most of the losses. Perhaps the tricycle undercar- 
riage or some other change would enable safer operation 
latitude in operating them in strong winds. Until that time 
arises, the pilot of a light airplane should be instructed to 
adopt the following suggestions: 

1. Not to operate if wind conditions are very gusty or if 
wind is near or greater than 20 mph. The light plane is then 
safest inside a hangar. 

2. Check the wind forecasts before attempting any cross- 
country trips. 

3. If caught in bad wind, land the airplane a little faster 
than normally. Keep the tail up as long as possible. 

4. Wait for help to roll the airplane to the hangar if taxi- 
ing is difficult. 

Heavier airplanes usually suffer only in much stronger 
winds or in severe gusts, and these losses often occur while 
the airplane is parked in the open. 

Although winds may affect heavy airplanes less than light 
ones, fire has no favorites. Fire seems to occur in the strangest 
ways and often under peculiar circumstances. One plane was 
partly destroyed recently because the spark from a passing 
locomotive settled on the wing, setting it on fire. Another 
one was lost by an arc from an improperly installed radio 
antenna. Not long ago smoke was noticed coming from the 
bottom of a ship with no one near it. Fire was found just 
behind the seat and baggage compartment. A few minutes 
before, the pilot with a cigarette in his mouth had reached in 
to get the log books. Evidently a spark had dropped from 
the cigarette through a space between the back of the seat 
and the door and had dropped down to the flammable fabric. 
In another case, the wiring to the electric flares was only 
partly encased in a protective metal conduit. Wires from the 
radio ran parallel and close to the flare wires, inducing a 
current in them which set off the flares. This accident oc- 
curred while the radio was being checked in the hangar. 

Several years ago the National Fire Protection Association 
studied the situation and came to the conclusion that 12% of 
all airplane losses were caused by hangar fires. Their analysis 
of 40 fires was as follows: 


Number of Fires 
Ignition of Inflammable Vapors Rg 


Explosion, source unknown 
Doping operations 
Fire in engines... . 
oo eee ' 
Washing plane with gasoline 
Flames from exhaust of engine 
Explosion of gas heater 
Ignition by blow torch 
Heating Appliances 
Overheated furnace or stove 
Coal stove tipped over 
Smoking tog 
Welding Operations 
Welding gasoline tank 
Acetylene torch set fire to fabric of plane 
Fire in gasoline torch 
Miscelianeous .......... 
Acetylene torch ignited barrel of lacquer 
Supposed short circuit 
Lightning Saeana bs 
Children and matches 
Supposed Incendiary .. 2 
Unknown 


~~ awawe NwBD 


A 


7) 


—-— N = 


Total Fires 40 


Fire losses could be reduced if airplane owners, airport 
managers, and ground personnel could be taught to respect 
the fire hazards that continually surround the airplane. Ig- 
norance or lack of discipline among ground personnel is the 
most frequent cause of fire loss. Good hangar housekeeping 
should prevent fires from starting by proper installation and 
maintenance of electrical and heating equipment, by permit- 
ting no open flame within the hangar proper (limiting weld- 
ing if necessary to locations near the door), by absence of 
flammable debris in the hangar, by exercise of self-control 
and discipline on the part of personnel with regard to smok 
ing, welding, testing, doping, cleaning airplanes with gaso 
line, and operating engines inside the hangar. To attack fires 
and keep them from spreading after they start, a supply of 
adequate fire extinguishers should be quickly accessible. It is 
of great importance to attack the fire when it is still very 
small because the usual extinguisher is not large enough to 
cope with larger fires; hence the great need for speed. Per- 
sonnel should be instructed in the proper use of the various 
types of extinguishers (See First Aid Fire Appliances, Pub 
lished by National Board of Fire Underwriters). 


Crowded Hangars a Hazard 


Crowded hangars always present a concentration of fire 
hazard. Although it would be desirable not to have wings 
overlap and, in fact, to have each airplane separately stored in 
its own little fireproof hangar, the economics of hangar oper 
ation militates against such practice. Nevertheless, by good 
hangar construction and strict management, losses could be 
reduced appreciably. (See Construction and Protection of 
Airplane Hangars, National Board of Fire Underwriters.) 

Fires which occur after a forced landing or a crash might 
be reduced if heavy oil were used instead of gasoline. The 
retractable undercarriage and perhaps the tricycle undercar 
riage should have a favorable effect on reducing fires follow 
ing a forced landing because the airplane is less likely to turn 
over on its back. If the stall or spin could be avoided in land 
ing accidents, many gruesome fires following crashes might be 
avoided. 

The problems affecting fire hazards are well known and 
recognized by engineers. Progress is being made toward their 
solution. But fire losses due to hazards that exist now can be 
reduced only by educating airplane operators and mechanics 
to the need for good housekeeping as well as the adoption of 
safe practices in operating and working around the airplanes. 

According to the Bureau of Air Commerce records, non 
scheduled flying is becoming safer. In the period from 1932 
to 1937, the mileage flown by airplanes in non-scheduled oper 
ation increased about 32% while the miles flown per accident 
increased 50%. This is a good indication of the increasing 
reliability of safety in air travel achieved by design, regulation, 
and education. 

If accidents involving student instruction could be sepa 
rated from these accident statistics, the record probably would 
be much better. However, approximately 20% (one in five) 
of all certificated airplanes were involved in an accident last 
year, and of that number, 97% needed replacement of a 
major assembly, required complete overhaul, or were demol- 
ished completely. Furthermore, with less than one-third of 
the total number of all certificated airplanes insured, the 
insurance companies pay out an average of well over $1000 
per day in aviation claims exclusive of airline claims. Al- 
though the general accident trend is improving, a study of 
ways and means of reducing accidents should show where 
important advances can be made. 

It is estimated that, at the end of 1937, there were about 
2000 light planes in this Country. A light plane, as com- 
monly understood in this country, is one which weighs under 
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Table 1 — Accidents Per Class of Flying Light Planes 1937 
Number Per Cent 
Instructional Commercial Pleasure Total! Instructional Commercial Pleasure Total 
Damage to Aircraft 
Completely Demolished . . A 53 5 39 97 17 10 17 16 =A 
Major Overhaul......... B 135 27 102 264 44 56 43 45 B 
Major Repair........ ie C 117 16 93 226 | 38 34 40 38 C 
Minor Repair........... D 4 — l 5 | l — + 1 D 
ae 309 48 235 592 100 100 100 100 
(52%) (8%) (40%) 
Injury to Personnel 
RS eee A 30 2 19 51 | 10 5 ) ) \ 
SE re are: B 17 3 16 36 | 6 7 7 6 B 
RS ccs gira ode dteree ss C 16 4 29 49 | 5 10 13 , 
None pote wis ct ae D 232 32 154 418 | 79 78 71 76 D 
Total 295 41 218 554 | 100 100 100 100 
Nature of Accident 
Collision, full flight, with 
aircraft. . A 3 ~ - 3 | | — _ 1 A 
Collision, full flight, “with 
non-aircraft. . Bb 13 3 Yy 25 4 6 4 4 B 
Spin/stall engine failure. C 5 _ 3 8 2 ~ l 
Spin/stall engine OK . D 37 7 22 66 | 12 15 i) 11 D 
Forced landing. . E 28 4 27 59 | 4 s 12 10 E 
Landing accident....... . F 112 12 65 189 36 25 28 32 F 
Take-off accident........ G 57 ) 64 130 | 18 19 27 3 @G 
Taxiing accident........ H 34 4 19 57 | 11 Ss Ss 10 4H 
Fire in Air. . Daehn, I ~ = 1 1 — _ + + | 
Structural failure. . - N 4 2 2 8 1 4 1 . 2 
Miscellaneous........... X 2 — 3 5 1 — 1 = * 
Indeterminate........... b 4 = - 3 3 - - 1 =e 3 
Not responsible......... *NR 14 7 17 38 5 15 8 6 *NR 
| Oe 309 48 235 592 100 100 100 100 
Cause of Accident 
Pilot. . ‘ aia oy 213 17 129 359 65 32 51 57 
Structural failure........ 10 3 11 24 3 6 4 4 
are 33 10 25 68 | 10 19 10 11 
PR eer 7 1 14 22 2 2 6 3 
Miscellaneous........... 12 6 18 36 4 11 7 5 
Engine failure........... 38 9 34 81 12 17 14 13 
Nk oe 4:5 0b 6s 1 ~ 4 5 + ~ 1 1 
Not responsible......... 14 7 17 38 4 13 7 6 
rr 328 53 252 633 | 100 100 100 100 





* Planes involved in a collision but in no way responsible. 





1500 lb with a wing loading in the neighborhood of 6 to 10 
lb per sq ft and a power loading of 19 to 26 lb per hp. In the 
same year there occurred 592 accidents among these planes, or 
an accident rate of 30% compared with 20% for all civil 
airplanes. This figure does not include airplanes lost by 
hangar fire because records are not available of all such losses. 
In the typical light plane accident, the airplane is damaged 
severely but not washed out; the injury to personnel is nil; the 
accident occurs while landing or taking off, and it is caused 
by pilot error. 

An analysis of these accidents shows that the nature of the 
accidents varies considerably with the make of the airplane. 
One make of airplane had a high percentage of take-off acci- 
dents and a high percentage of pilot errors with a low per- 
centage of engine failures. This airplane had a higher wing 
loading than others. Since the type of flying was the same for 
all, it is surmised that many of the accidents may have been 
due to pilots underestimating the speed and distance necessary 
for take-off. 

Another make suffered a comparatively high percentage of 
structural failures. This condition is rare and, when it does 
occur, it is not likely to be dangerous to personnel. It is likely, 
however, to cause considerable damage to the airplane. 

A third make had an average showing with regard to dam- 


The planes may be at rest, taking off, landing, or taxiing. 





age to the aircraft, but its personnel injury record was better 
than the others. A low percentage of pilot errors indicated 
good flying characteristics, but a high percentage of forced 
landings might indicate that it was used a good deal for 
cross-country work because many forced landings are due to 
fuel shortage or getting lost. 

An analysis of accidents by class of flying shows a high per- 
centage of accidents due to pilot error for instructional flying, 
a low percentage for commercial flying. See Table 1. This 
analysis emphasizes the need for competent instruction and 
close supervision of flight training. The fact that there are 
more accidents in instructional flying than in pleasure or com- 
mercial flying may be counterbalanced by the excess of in- 
structional flying over other flying. Such an excess is indicated 
by the ratio of student permits to certificated pilots. The ratio 
is about 40,000 (possibly 20,000 active) to 18,000. 

The classification of light-plane accidents by class of pilots 
shows that 529 of the accidents involved student pilots. This 
condition was to be expected. See Table 2 

Although limited-commercial pilots number only about 3% 
of the total certificated pilots in the country, they accounted 
for 6% of the light plane accidents and 30% of these planes 
were ‘denied completely. The severity of the accidents 
involving limited-commercial pilots is possibly due to the lim- 
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ited experience and undue confidence. It is generally felt that, 


with over 50 and under 500 hr of flying, the average pilot's 
confidence exceeds his ability. The majority of limited-com- 
mercial pilots fall in this class. Before that time they are 
certain that they do not know it all and, after that time, they 
again suspect limits to their ability. This reasoning would 
also apply to private pilots, but the record of the private pilot 
is improved by the caution of private pilots having over 500 
hr. After 200 hr a limited-commercial pilot will usually be- 
come a commercial or revert to private. 

It is not advisable to discriminate against limited-commer- 
cial pilots, as such, but rather it is advisable to look with 
suspicion on a pilot with less than 200 hr of flying unless 
much of it has been cross-country, and a check-up reveals that 
his judgment and attitude towards safety are satisfactory. 

James E. Hoskins, Chairman of the Aviation Committee of 
the Actuarial Society of America, in an address on aviation 
life insurance to the National Association of State Aviation 
Officials in 1936, made the following comments on pilot 
mortality. These comments should not be confused with air- 
plane accidents because less than 10% of aircraft accidents 
result in pilot fatalities. 

“It appears that the most dangerous time in a pilot’s career 
is not while he is taking instruction or in the early part of his 
solo flying, but for a period after he receives an advance 





license or military rating. At first, he knows he is green and 
plays safe; eventually he gains skill; but there is an interme- 
diate time when his self-confidence exceeds his ability. 

“Pilots who have been involved in an accident in recent 
years, or have been disciplined for a serious violation of air 
regulations, have a greater chance of a fatal crash than those 
who have not, although they might be expected to have be- 
come especially careful. 

“No great difference has been observed between the younger 
pilots and those of more mature years. Perhaps this condition 
might not be true but for the care exercised in licensing 
pilots.” Note. This quotation refers to mortality rate; young 
pilots have more accidents, however. He continues: 

“The kind of flying is very important. Those kinds which 
are most closely supervised, either by yourselves and Uncle 
Sam, or by responsible owners, are clearly the safest, such as 
airline and military flying, and airplanes owned by corpora- 
tions for business use. In the case of airline pilots, however, 
this condition is offset by their large number of annual hours 
in the air. 

“The average amount of flying in the course of a year is by 
far the most important factor affecting the insurance com- 
pany’s problem of charging for a year’s insurance.” 

In so far as insurance rating is concerned, classification by 
type of license is not sufficient. A commercial pilot of long 


Table 2 — Accidents by Class of Pilot, Light Planes 1937 























Number | Per Cent 
Limited- | Limited- 
Com- Com- | Com- Com- 
mercial mercial Private Student Total | mercial mercial Private Student Total 
Damage to Aircraft | 
Completely Demolished... A 16 10 19 48 93 | 16 30 14 17 17 A 
Major Overhaul.......... B 49 11 68 124 252 | 51 33 50 43 45 B 
Major Repair............ C 32 12 49 113 206 | 33 37 36 39 37 C 
Minor Repair............ D ~ _ ~ 3 3 | - — - 1 1 D 
Ne eee is cos. 97 33 136 288 554 | 100 100 100 100 100 
(1736%) (6%) (244%) (52%) | 
Injury to Personnel 
aaa nh ces alla 0c 9 # A 8 4 11 28 51 S 12 8 10 9 A 
SG eco 53) a ack acca Nae 9 4 11 12 36 9 12 8 4 6 B 
ER C 11 6 14 18 49 12 18 10 6 9 C 
RE ER a D 69 19 100 230 418 | 71 58 74 80 76 =D 
oi 0arg Sak SSS yee ase 97 33 136 288 554 100 100 100 100 100 
Nature of Accident 
Collision, full flight, with | 
ee ess 0.05.0 A aa - l 2 3 - - l l 1 A 
Collision, full flight, with 
non-aircraft . . . B i) 2 3 11 25 | i) 6 2 4 5 B 
Spin/stall engine failure... C 2 1 2 3 8 | 2 3 l l 1 C 
Spin/stall engine OK... .. D 8 5 15 38 66 | S 15 11 13 12 D 
Forced landing........... ) 10 4 16 29 59 | 11 12 12 10 ll E 
Landing accident......... F 32 7 41 109 189 33 21 30 38 34 F 
Take-off accident......... G 24 11 39 56 130 25 34 28 19 Ze ‘5 
Taxiing accident......... H 7 2 16 32 57 7 6 12 11 10 H 
ae I - 1 _ 1 - _ 1 - + | 
Structural failure......... N 4 1 = 3 8 4 3 - 1 1 N 
Miscellaneous............ X 1 - 1 3 5 l - 1 1 X 
Indeterminate............ ¥ _ - 1 2 3 _ -- l ae 
| a 97 33 136 288 554 100 100 100 100 100 
Cause of Accident 
3 ee 42 22 83 212 359 | 40 58 56 69 60 
Structural failure......... 10 2 4 8 24 | 10 5 3 3 4 
Ng Gas wa x 350 12 3 19 34 68 12 8 13 11 11 
RE ee 8 2 7 5 22 | 8 5 5 2 4 
Miscellaneous............ 1] 3 10 12 36 | 11 8 7 4 6 
Engine failure............ 20 6 23 32 81 | 19 16 15 10 14 
Se _ _ 1 4 5 | - 1 1 1 
Pe Se 103 38 147 307 595 100 100 100 100 100 


Note: Accidents classified under NR (light airplane not responsible for 





the accident) were not considered in this table. 
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Table 3 - Classification of Accidents by Nature — Light Planes 1937 
Damage to Aircraft 
Per Cent Per Cent 
Nature A B C D ‘Total A B ly D_iTotal A B C D 
(Read across) (Read down) 
a ee l l l - 3 33 33 34 - 100 l + + _ 
aes ss 13 11 l - 25 52 44 4 _ 100 14 4 + ~ 
Ae 6 2 _ — 8 75 25 — _ 100 6 l _ — 
as, 38 23 3 2 66 57 35 5 3 100 40 7] l 40 
E.. 7 30 22 — 59 12 51 37 ~ 100 7 11 10 _ 
ae 12 87 90 — 189 6 46 48 — 100 12 33 40 ~ 
Oe 12 76 42 — 130 9 59 32 ~ 100 12 39 19 _ 
a... _ 16 40 l 57 _ 28 70 2 100 _ 6 18 20 
eee l — — — l 100 _ — _ 100 1 — _ _ 
N. 3 3 2 — S 37 37 26 — 100 3 1 1 _ 
: oe — 3 2 _ 5 — 60 40 _ 100 — l l ~ 
Me ess - - 3 - 3 _ _ 100 ~ 100 — — l - 
eee 4 12 20 2 38 11 32 52 5 100 4 ) +) 40 
Total eee ake > ae 264 226 5 592 16 45 38 l 100 100 100 100 100 
Injury to Personnel 
Per Cent ' Per Cent 
Nature A B C De ‘Total A B C D_ Total A B D 
A. 1 — l 1 3 33 _ 33 34 100 2 _ 2 + 
ay ee 10 3 3 9 25 40 12 12 36 100 19 8 6 2 
BI cgi — — 4 8 50 - _ 50 100 S — - 1 
ee ; Kn 28 14 6 18 66 43 21 9 27 100 55 39 12 4 
E.. Lee OF + ~ 2 12 45 59 _ 3 20 77 100 — 6 25 11 
Be as 5) S 11 165 189 3 4 6 87 100 10 22 22 40 
| See 1 8 13 108 130 ] 6 10 83 100 2 22 27 26 
BP ee acuta aseaetn ave _ — 1 56 57 — - 2 98 100 | _ — 2 13 
Bee tating ase eee,s - ~ _ 1 1 oa - = 100 100 a — = oo 
Ree ie. Gi as. sate we aS 2 — 1 5 8 25 —_ 12 63 100 | 4 _- 2 1 
a alae - 1 1 3 5 ~_ 20 20 60 100 _ 3 2 1 
_ aes — — - 3 3 _ - _ 100 100 _ - _ 1 
es 51 36 49 418 554 9 6 9 76 100 100 100 100100 


Meaning of Letters 


Nature 

Damage to Aircraft 

A—Completely de- 
molished. 


Injury to 
Personnel 


A—Fatal. C—Spin/stall engine 














B—Major overhaul. B—Severe. D—Spin/stall engine OK. 

C—Major repair. C—Minor. E—Forced landing. 

D—Minor repair. D—None. F—Landing accident. 
G—Take-off accident. 





experience should be safer to fly with than a private pilot with 
a couple of hundred hours but, if the former flies a thousand 
hours to the private pilot’s fifty per year, he is a worse risk 
from the insurance companies’ viewpoint. For that reason, 
commercial pilots usually pay a higher rate than private pilots. 
The exposure to hazard is greater. 

In an old but interesting report the Actuarial Society of 
America had the following to say in 1932: 

“There are indications that the mortality among students is 
relatively low but that, after obtaining a license and particu- 
larly after qualifying for a transport license, the pilot is liable 
to reach a stage where, in the words of a Navy Department 
report, ‘The flash of over-confidence seems to carry the novice 
beyond the realm of his ability.’ 

“It appears that the mortality rate increases with amount of 
annual flying time, although not in direct proportion. 

“Most of the available evidence indicates no material im- 
provement in annual mortality rate after 500, or at the most 
1000 hr of experience has been passed. Evidence indicates that 
the annual mortality rate of pilots of long experience is not 
materially better than that of pilots having from 500 to 1000 
hr of experience. 

“Furthermore, it appears that the proportion of pilots with 
records of accidents since 1927 is higher among young pilots 
than among older pilots. That is to say, young pilots are 
more than usually liable to have accidents; and, having had 
accidents, they have a high rate of mortality. The conclusion 
seems to be that applications from young pilots should be 


of Accident 
A—Collision, full flight, with aircraft. 
B—Collision, full flight, with non-aircraft. 
failure. 


H—tTaxiing accident. 
I—Fire in air. 
N—Structural failure. 
X—Miscellaneous. 
Y—Indeterminate. 
NR—Not responsible. 


underwritten with especial care to ascertain that they have 
neither an accident record nor characteristics which are liable 
to produce accidents.” 

These statistics and conclusions may be changed in the next 
two or three years by the new regulations which provide for 
the special approval of instructors, and by the attitude of the 
Civil Aeronautics Authority towards instructional flying. 

The safest type of flying appears to be commercial with 
pleasure slightly better than instructional. The safest class of 
pilot is the commercial, followed by the private and student. 
A student under good supervision should be safer than one 
under poor supervision. It would be useful and interesting to 
verify this statement if it were possible. Limited-commercial 
pilots have a worse record than students. 

From the classification of accidents by nature, the deadliness 
of spins and stalls with or without engine power is outstand- 
ing. This cause contributed 46% of the light planes that were 
totally destroyed and 63% of the fatalities. See Table 3. 

It seems that the most outstanding need among light planes, 
and heavier airplanes too, is to design one that will not spin or 
whip into a dive after stalling or perhaps not stall at all. If 
such an airplane were used extensively, the accident rate prob- 
ably would continue to be the same because of the human 
desire to push a machine to its utmost, but the severity of the 
accidents would be lessened. 

It is interesting to note that a collision with another aircraft 
in flight is not necessarily fatal. Only three such accidents 
were recorded with light planes last year. 
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Table 4 — Classification of Accidents by Cause - Light Planes 1937 


























Cause Per Cent Per Cent 
(Read Across) (Read Down) 
PE ST WE AP MI* EN NRTotal| PI ST WE AP MI EN NR/PI ST WE AP MI EN NR 
Damage to 
Aircraft 
Ms 6 a4 71 4 l - 6 11 4 97 | 74 4 1 — 6 11 4} 20 16 2 ~ 18 15 1] 
Rae 160 10 26 7 14 35 12 264 | 60 4 10 3 5 13 5 | 45 42 47 44 41 48 32 
an 118 10 28 9 14 27 20 226 52 5 12 4 6 12 9 | 34 42 51 56 41 37 52 
eeecas 3 - -—- - -—- = 2 5§}60 - - = = = 4} 1 —- = = = = 56 
Total.. 352 24 55 16 34 73 38 592 | 60 4 9 3 6 12 6 
PI] ST WE AP MI EN NRTotal| PI ST WE AP MI EN NR/PI ST WE AP MI EN NR 
Injury to | 
ersonnel 
Biatalaretn. 45 2 1 — 1 2 # 51 | 88 4 2 — 2 4 #113 8 2 — 3 3 # 
aca Sha 26 - _ 1 3 6 36 | 72 — — 3 8 17 7 _ — 6 9 8 
Oe ol, 1 5 _ 2 8 49 | 68 2 10 — 4 16 9 4 9 _ 6 11 
eee 248 21 49 15 28 57 418 | 59 5 12 4 j 13 71 88 89 94 82 78 
Total.. 352 24 55 16 34 73 554 | 64 4 10 3 6 13 
PI ST WE AP MI EN NR Total] PI ST WE AP MI EN NR/PI ST WE AP MI EN NR 
Nature of 
Accident 
MT or k& ores 3 — — — _ _ _ 3 |100 — — — - - — 1 — — — 
ares 23 _ 2 — _ _ _ 25 | 92 — 8 _ — — — 7 ~ 4 — - - 
Os Gara sis 5 _ = — 3 - 8 | 638 - — - _ 7 - 1 — _ —~ — 4 
ee ae i 61 ] ] _ 3 _ — 66 | 92 2 2 —_ 4 —_ — | 17 4 2 — 9 — 
Se oi gui 16 1 6 1 1 34 _ Se | 27 2 10 2 2 57 — 5 4 11 6 3 47 
ae 138 10 17 9 12 3 — 189 | 73 5 9 5 6 2 — | 39 42 31 1 385 4 
- ae 76 1 7 3 1l 32 — 1380] 59 1 5 2 8 25 — |} 21 4 12 19 32 44 
ae 27 4 20 3 3 _ - 57 | 48 7 35 5 5 _ — 8 16 36 19 9 _ ~ 
ee cer _ —- _ _ 1 _— ~ 1 — _— _ — 100 _ _ _ _ _ - 3 _- - 
. eee _ 7 — _ _ 1 _ 8] —- 88 _ _ - 12 - —- 30 - - _ 1 
RS 2 _ 2 _ 1 _ _ 5 | 40 _- 40 _ 20 _ - 1 _ 4 — 3 — — 
. 1 _ - - 2 _— _ 3 | 33 —- _ - 67 _ —|+ — _ _ 6 - - 
(SS - _ _ - - _- 38 38 | — _ _ —_ - — 100} — - - _ — — 100 
Total.. 352 24 55 16 34 73 38 592 | 60 4 9 3 6 12 6 | 
* MI includes accidents the cause of which was unknown, and of which there were 4. 
Under Damage to Aircraft were 1C, 3D; under Injury to Personnel, 4D; under Nature of Accident 1F, 1X, and 2Y. 
# NR accidents not included under Injury to Personnel. 
Meaning of Letters 
Damage to Aircraft Injury to Personnel 
A—Completely demolished. C—Major repair. A—Fatal. C—Minor. 
B—Major overhaul. D—Minor repair. B—Severe. D—None. 
Cause of Accident Nature of Accident 
PI—Pilot error. A—Collision, full flight, with aircraft. H—tTaxiing accident. 
ST—Structural failure. B—Collision, full flight, with non-aircraft. I—Fire in air. 
WE—Weather. C—Spin/stall, engine failure. N—Structural failure. 
AP—Airport. D—Spin/stall, engine OK. X—Miscellaneous. 
MI—Miscellaneous. Ek—Forced landing. Y—Indeterminate. 
EN—Engine failure. F—Landing accident. NR—In collision but not responsible. 
NR—In collision but not responsible. G—Take-off accident. 
Collision in full flight with objects other than aircraft are Yo completely Jo resulting 
usually fatal. Of these accidents 92% were due to pilot error. Most damaging (From Table 3) demolished in fatal injury 
Spin/stall engine failure 7570 507% 
See Table 4. Spin/stall engine OK... 57% 437% 
The fact that take-off accidents are more severe than landing Collision with non-aircraft 5276 40% 
accidents, although not as frequent, may reflect the fact that oe aaabure 37” 25 To 
' ; , ‘ Sollision with aircraft 337% 3370 
there is greater emphasis on landing technique than on take- 


off technique. Perhaps the tricycle undercarriage will simplify 
both techniques. 

Engine failure as a cause of accidents is higher than any 
other cause except pilot error. The fact that there is a com- 
paratively high proportion of severe accidents and aircraft 
damaged compared to severe personal injury leads to the con- 
clusion that a pilot with a dead engine usually can put the 
airplane down with safety to himself if not to the airplane. 


See Table 4. 
A study of the tables reveals: 


Nature of accident by frequency (From Table 1): 
Landing 


32% 
Take-off ...... 22% 
Spin/stall engine OK 11% 
Forced landing 10% 
NE ae 10% 


Many other interesting conclusions may be obtained from 
these tables, but they indicate that pilot error is the most im- 
portant cause of accidents with design and characteristics of 
the aircraft contributing largely. The frequency of landing, 
take-off, and spin/stall accidents is consistent with records of 
accidents involving heavier airplanes. Most engineers are well 
aware of this regrettable condition. 

Because proper instruction is the best guarantee of loss pre 
vention among student pilots, one group of insurance com 
panies has itself undertaken the task of approving instructor 
pilots. A student pilot flying under the supervision of an 
approved instructor pilot is eligible to secure very inexpensive 
personal accident insurance. 

The requirements for instructor-approval by the insurance 
organization are not very stiff. They are designed to be mini- 
mum rather than maximum. The object is to shut out the 
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instructor who 1s unqualified rather than to reward outstand 
ing merit. The requirements are: 


A Commercial Pilot Certificate with an Instructor’s Rat 
ing and at least 400 hr solo. This amount of time is required as 
it is felt that only after at least such an amount will the pilot 
have had sufficient general experience. 

2. A few students licensed to indicate success and ability to 
impart knowledge and a demonstrated thoroughness and com- 
petence in instruction. 

3. The planes used will be of suitable design with suitable 
engines, and will be well maintained. 

4. His general record will be reasonably good, that is, no 
excess drinking, few or no accidents, good reputation, no 
recklessness. Concerning accidents, one or two are not 
grounds for deferring approval, provided they were largely 
due to circumstances beyond the pilot’s control. 

5. Full-time employment as an instructor. This restriction 
was put in to eliminate unfair competition with those who 
depended solely on instruction for a livelihood as well as to 
eliminate casual instructors. Exceptions are occasionally made 
as, for instance, in the case of pilots who have a flying job 
which leaves them enough time for instruction. 


Deferred Accidents Classified 


Of the applicants 70 


% have been approved, 30% have been 
deferred. 


Those deferred fall into the following classes. In 
some cases there were two or more reasons for deferring 
action: 


o 
~~ 


Airport unsatisfactory 59 
Not a full-time instructor 47. 24% 
Character, that is, recklessness, excess drinking, 


too impulsive, and so on 25 13% 
Equipment obsolete or poorly maintained 7 47o 
Flying unsatisfactory, that is, incompetent in- 

structor, lack of experience, too many acci- 

dents, poor supervision 55 28% 
Miscellaneous 16 8% 
Under 400 hr 35 18% 





194 100% 

Among those deferred, examples of improper instruction 
were frequent. One instructor would not give spins to a stu- 
dent until just before the license test was due for fear of 
scaring the student. Civil Aeronautics Authority regulations 
require spin instruction before solo. Another pilot was giving 
spin instruction and was looking back at the student while so 
doing. He suddenly saw a tree go by and, realizing the 
scarcity of trees at high altitudes above the ground, the in- 
structor got to work and pulled the plane out in time to pre- 
vent a fatality. However, he hit so forcibly in the recovery 
that one side of the landing gear was washed out. Other 
pilots were turned down for such physical defects as color- 
blindness, fainting spells, and so on. Lack of supervision or 
incompetent supervision was considered a serious flaw. In one 
case a student was permitted to snap-roll, loop and spin at 
400 ft. 

Besides insisting on minimum qualifications for an instruc- 
tor pilot, it has been found necessary to outline desirable 
courses of instruction. These are merely recommended. In- 
struction procedure is not so important as thoroughness and 
constant supervision by a well-qualified instructor. For ex- 
ample, in the outline which follows, taxiing instruction is 
given as one of the first of the courses. But one very successful 
instructor gives this last because he thinks taxiing is more 
difficult than learning to fly. The outline has been found 
satisfactory. It has been adopted by several flying schools and 
represents current good practice in flying instruction. 


CIVIL AVIATION LOSS PREVENTION 179 


Recommended Outline of Instruction Toward a Private 
Pilot’s Certificate 

1. First Phase - Minimum training of 8 flight hr. 

a. Preliminary Ground Instruction - Thorough familiariza 
tion with functioning of airplane, controls, engine, and in 
struments. Warning about: danger from propellers; difference 
between ground and air speed; leaving engine running with 
no one in cockpit; parking ship in strong winds; starting 
engine, switching, choking, priming, signals (student not to 
handle propeller). Advice against mixing liquor and flying. 
It is good policy to discuss the ensuing lesson with the student 
on the ground before taking-off. 

b. Taxiing to proficiency (handling of ship in gusty air). 

Air work. 
(1) Straight and level flight to proficiency. 
(2) Gentle climbs and glides to proficiency. 
(3) Gentle turns. 
(4) Approaches for landing. 
(5) Stalls, stressing approaches to stalls and recovery. 
(6) A: Landings and take-offs. 
B: Simulated forced landings from take-offs only 
from approximately 200 ft. 
(7) Spins and recovery. 
(8) Solo. 


2. Second Phase- Minimum 12 hr. A check by the in- 
structor before each of the first three solo flights and frequent 
checks at least once every 3 hr through all maneuvers required 
in the first phase. This checking is to prevent the student 
from feeling now that he has soloed, he can have ship any old 
time; also to compensate for changes in air conditions. In- 
struction in: 

a. Figure 8’s, gentle and steep. 

b. Simulated forced landings. 

c. Dual cross-country trips with landings at other airports 
and a thorough check and review of all maneuvers of the first 
two phases. 

3. Third Phase -Instructor’s check of all maneuvers in 
Phases 1 and 2 once every 5 hr, stressing the following: 

a. Precision maneuvers (spot landings, simulated forced 
landings, spins and figure 8's). 

b. Solo cross-country. 


c. Complete Private Pilot’s examination. 


Note — The foregoing is a logical and normal sequence of 
instruction to serve as a guide to instructors, and to give a 
uniformity of instruction in a sequence that experience has 
shown to be one that insures the greatest progress by the stu- 
dent. Records of the student’s progress should be kept. 

It is further recommended that students be acquainted with 
control-tower operation and flight-plan procedure. 

All the comments made thus far result principally from the 
existing characteristics of the airplane (design) and of existing 
control or regulation. These two agencies for increasing safety 
cannot be improved quickly. Too much physical and mental 
inertia would have to be overcome. The most logical and the 
easiest way for improving the safety record and preventing 
losses is by education and by disseminating the results of 
experience. 

Although generalizations are always dangerous, I should 
like to venture the thought, with my fingers crossed, that 
safety is achieved more readily by knowing how to operate 
safely that which we already have than by improvement in 
design. Human nature is so constituted that improvements in 
design are employed not to achieve safety but to take advan- 
tage of the greater utility which such improvements usually 
afford. A pilot may obtain an airplane with which it is pos- 
esible to get in and out of a very small airport. Instead of 
considering this an emergency operation, he takes advantage 
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of the design actually to operate regularly from such airports. 
This is a foible of human nature and is very much to be 
commended for its effect on design, but its effect on accidents 
is not favorable, except indirectly. 

Improvements in design usually make flying easier or make 
it more useful, thus inducing more people to fly. The mileage 
flown per accident seems to increase with greater use; hence 
the indirect influence of improvements on safety records. 
However, on the basis of number of airplanes per accident, 
the future seems pessimistic. It must be admitted that the 
human element creates a greater hazard than the airplane 
itself. 

An agency for the education of instructors would aid tre 
mendously in promoting good instruction practice, in educat- 
ing instructors in the finer points of the art, tipping them off 
on the best way to instruct in various types of ships, and 
informing them where instruction usually fails as indicated by 
accidents among students. 

One type of ship is probably as good as another, so long as 
the instructor understands the limitations of the ship and 
imparts this knowledge to the student. For example, in a 
side-by-side ship with wheel control, many students get in the 
habit of resting their hands on the wheel, putting both hands 
on the wheel as though they were driving a car. Then, when 
an emergency arises when one hand should be on the throttle 
and one on the wheel, time is lost where time is most valuable. 
Instructors who are training in this type of ship should be 
advised of the situation and impart this knowledge to their 
students. Under the present hit-and-miss system of instruc- 


_ tion, the student is advised only by chance or if he happens to 


get a really experienced instructor. The dangers of having the 
center of gravity too far back are not emphasized enough. 
Another point is the technique in coming out of a spin. The 
usual instructions are: “Kick opposite rudder and push the 
stick forward.” One instructor of long experience, knowing 
that many recent accidents were due to the failure to recover 
from spins, decided to see what would happen if he obeyed 
the usual instructions: “Kick opposite rudder and push the 
stick ahead.” 

He made his tests in a popular type of airplane widely used 
for instruction purposes. The engine was throttled slowly 
while the airplane was held in normal flight attitude till com- 
plete stall had occurred. At that time the elevator control was 
pulled straight back and full right rudder applied. After 
completion of two full turns of the resulting spin, the elevator 
control was pushed full forward and hard left rudder ap- 
plied. Instead of coming out of the spin, the ship vibrated 
slightly, went over on its back and kept spinning in an in- 
verted position. Operation of rudder to either side had little 
or no effect, and the pilot was thrown violently against the 
belt. Recovery was effected by pulling the wheel back, apply- 
ing right rudder until the spin became normal, after which 
the left rudder was applied with the wheel moved to a posi- 
tion one-fourth back from neutral. 

The violent motion and the inverted position proved very 
confusing to this pilot and, in the case of a student being 
placed in the same position, it might result easily in complete 
loss of head and spinning in, and probably has. At the end 
of 12 tests, this instructor concluded that recovery from a spin 
cannot necessarily be obtained by shoving the wheel or stick 
forward in every case. Recovery is effected slowly with re- 
sultant loss of altitude when the controls are neutralized. 
Furthermore, instructors should abandon the stick-full-for- 
ward explanation of recovery from spins unless it applies to 
a particular ship. They should instil in their students the idea 
that each ship may have slightly different characteristics. 

These instances are mentioned merely to bring out the need 
for improving and disseminating the finer phases of instruc- 


tion which are usually available only from very experienced 
instructors. These finer points often mean the difference be. 
tween safety and a crash. 

It is unlikely that the popular airplane of the future or, for 
that matter, of today will receive adequate maintenance unless 
the owners and pilots have the proper respect for and knowl 
edge of maintenance. Thorough inspections at long intervals 
must be supplemented by continuous preventive maintenance. 
Airline experience has proved it, and regulations require it, 
but only education can show the need and desirability for it. 
Regulation cannot succeed without the owners’ and pilots’ 
cooperation, and that can be secured through education. 

To show the need for education in maintenance and inspec 
tion, the following items are taken at random from typical 
inspection reports on various light planes made between the 
yearly Government inspections. They show the need for train- 
ing of owners and pilots in maintenance or inspection. Each 
item is from a different ship: a. Left exhaust-manifold flanges 
cracked; b. Oil drain and gasoline strainer not saftied; 
c. Fiber bushings missing from the elevator cables and from 
both rudder cables at the guide at the tail of the fuselage; 
d. Hinges on the right side of the elevator to stabilizer evi- 
dently do not coincide, causing considerable stiffness in con- 
trols and bending the tip end of the stabilizer when moved; 
e. Oil drain pipe to tank twisted from removing the drain 
plug. Metal tipping on propeller dented and cracked; f. Trail- 
ing edge ot wings in bad condition. Entering edge badly 
dented in several places. Several ribs loose at trailing edge. 
Aircraft not grounded while refueling. Smoking in vicinity 
of fuel pumps; g. Baffle for exhaust manifold loose. Oil tank 
loose. Brake cables frayed at wheels. Right front gas line 
loose; h. Propeller hub bolt very loose; i. Left aileron hinges 
near fuselage loose on spar; j. Engine exhaust manifold, 
where connected to cabin heater, cracked and deteriorating. 
Stabilizer control worn and dirty. Fuel and oil lines too dirty 
to inspect; k. large wet-type battery installed at left side of 
pilot’s seat for night flying. No battery box, no drain, nor any 
special provision for installation. 

An instructor should instil in his students a proper respect, 
not fear, for the existing characteristics of airplanes. He 
should encourage his students to fly within present-day oper- 
ating limitations and impart the knowledge required to judge 
the airworthiness of an airplane. Such instructors are hard to 
find, except in the large schools and at old and well-operated 
airports. Many instructors think that they are doing the right 
thing when they have been trained improperly themselves. 
The training of good instructors will do more than any other 
act to increase safety and prevent losses. 

In conclusion, the need exists for an agency, probably Fed- 
eral, which would undertake the education of new flying 
instructors, teaching them the best methods for imparting 
flying technique. This agency would have a more favorable 
effect on the accident rate, and especially on the severity of 
accidents, than any other movement in aviation. Although 
accident prevention is of tremendous importance to aviation, 
insufficient recognition has been given to losses caused by fire 
and windstorm which are outside the common definition or 
conception of an airplane accident. These losses may not 
involve the safety of life, but they do seriously affect the 
economics of aviation. Ground personnel and aircraft oper- 
ators should be instructed to respect and adopt precautions 
against fire, windstorm, and other hazards pending improve- 
ments in airplane design which will reduce them. 
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Automotive Ordnance 


By C. M. Wesson 


Major-General, Chief of Ordnance 


| Geeeeetenigoe ordnance, Major-Gen. Wes- 
son states, covers generally automotive weap- 
ons—motor vehicles used primarily as fighting 
machines in battle and hence equipped with guns 
and protective armor plate. He notes particu- 
larly that it is a special and non-commercial phase 
of automotive engineering. 


After describing the mission, personnel, means, 
and procedure of the Ordnance Department, the 
author traces the development of the tank since 
1918 and contrasts the modern 10-ton tank. which 
uses about 250 hp to propel it at speeds up to 45 
mph while carrying a “payload” of armor, guns. 
ammunition, men, and equipment amounting to 
from 30% to 40% of its gross weight. with a 10- 
ton commercial tractor. 


He explains that, when producing a tank. the 
Ordnance Department uses, wherever possible, 
commercially available components. When this 
cannot be done, he noted, a modification of a com- 


HE work of the Ordnance Department is supplementary 
and complementary to that of Quartermaster Corps and, 
where necessary, there exists close cooperation both 
formal and informal. Automotive ordnance covers generally 
automotive weapons, that is, motor vehicles used primarily as 
fighting machines in battle (as are fighting airplanes and 
fighting ships) and, hence, equipped with guns and protective 
armor plate. At once it can be seen that automotive ordnance 
is largely a special and mostly a non-commercial phase of your 
profession. It is the business of the Ordnance Department to 
furnish the Army with all its fighting vehicles (such as tanks) 
and, as I shall explain, this work is increasing both in impor- 
tance and in volume. In addition, we are responsible for all 
types of track-laying or “caterpillar” vehicles since these units 
are allied technically to our tanks, as will be seen later. 
The means which we have to accomplish the automotive 
mission just outlined consists of about a dozen technically 
trained commissioned officers with automotive experience; an 


[This paper was presented at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 11, 1939.] 
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mercial component is used and, as a last resort. a 
specially designed ordnance unit is used. 


In summing up what is yet to be done. he de- 
clares: ““We need to make the initial cost of our 
equipment cheaper so that it may be more widely 
used and may economically replace man-power in 
peace, as [ am sure it can in war; we must in- 
crease the life of our equipment so that we can 
afford to train with it and not lose sight of the 
war-time benefits of mechanization by being 
blinded by the high peace-time cost; we need to 
make our equipment more readily producible in 
quantity in order that, when M-day comes. we 
may get fighting machines quickly, cheaply, and 
in quantity; we need the continuation of a sym- 
pathetic understanding and cooperation of the 
greatest automotive industry in the world, so that 
this industry may not only be a potential factor 
in the defense of America, but a dynamic factor 
as well.” 


equal number of automotive engineers and technical assis 
tants, together with the necessary drafting, clerical, and shop 
personnel; the amount of shop personnel varies from time to 
time with the size of our production orders. This personnel 
operates the automotive design section in the office of the 
Chief of Ordnance, Washington, D. C., the automotive re 
search and testing facilities at Aberdeen Proving Ground, 
Md., and the automotive manufacturing and procurement 
operations at Rock Island Arsenal, Ill. Our proving ground is 
equipped with modern engine, traction, and torsion dyna 
mometers, and other technical-research apparatus. The life 
blood of these activities is, of course, the money appropriated 
annually by Congress; this fiscal situation is summarized best 
by Fig. 1. 

Lest anyone think that these funds may be spent arbitrarily 
by the Department at the whim or discretion of some indi 
vidual like myself, let me show you briefly how the demands 
of our customers, the fighting elements of the Army, are en 
forced and the whole business coordinated and supervised by 
the Secretary of War through his General Staff. Fig. 2 shows 








the main elements of our development procedure. Although 
such a mill perforce grinds a bit slowly at times, it also grinds 
exceedingly fine. On the legal and financial side there is the 
General Accounting Office to see that there is commercial 
competition for our business and that the lowest responsible 
bidder gets what business there is. Although this government 
system at times makes orderly development work a bit diff 
cult and is difficult for you business men to appreciate, this 
procedure is on the whole salutary and in the best interests o! 
the United States. 

Having now outlined our mission, our means, and our pro 
cedure, let us examine briefly the engineering aspects of our 
problem. Basically the mechanization of land wartare rests on 
the fighting tank, aided and abetted by certain accessory and 
auxiliary combat vehicles. As you know, the tank is funda 
mentally a track-laying agricultural tractor refined and spe 





THOUSANDS OF DOLL ARS 
1ola000 a 






IORDNANCE AND AUTOMOTIVE 
+—EXPENDITURES 1916-1939 





(00000 


100,000 





TOTAL ORDNANCE EXPENDITURES 


10000 


000F 


4TOTAL AUTOMOTIVE EXPENDITURES 














< 
= 

> 

= 

© las the 1. # 
“16 7 a8 9 2 2 22 23 24 2 6 27 28 9 3 3 23 4H BHP wB 
YEAR HC67 £1224 


Fig. | —The relation of automotive ordnance expenditures to 
total ordnance expenditures is shown graphically for each 
year from 1916 to 1939 


cialized for use as a combat vehicle by the addition of armor 
plate and guns. Let me particularly emphasize that the fight 
ing machine must be a track-laying machine because such a 
machine has much greater mobility over the rough, muddy, 
and varied terrain of the battlefield than any wheeled vehicle 
that we know of. Only the track-laying machine has a tactical 
or off-road mobility roughly equivalent to that of the fighting 
foot soldier, or infantryman, whom it must usually assist and 
more and more often replace. However, the tank differs from 
its progenitor, the agricultural tractor, as a race-horse differs 
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Fig. 2— Production of a U. S. fighting tank involves the major 
steps charted 
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WEIGHT 21,000 LBSGR ENGINE. CONTINENTAL. 7CYL.RAD. 260HP 
LENGTH I4FT 7IN SPEEDS SFORWARD-! REVERSE 
HEIGHT 7FT BIN MAXIMUM SPEED 35M.PH 
CLIMING ABILITY 35° CRUISING RADIUS 125 MILES 
ARMOR |/4-5/8 & 7/8 CREW 4MEN 


ARMAMENT I~ 50 CAL. & 2- 30 CAL. MACHINE GUNS 
SUSPENSION . VOLUTE STEERING -ONTROLLED DIFFERENTIAL 


ORD. 12837 


Fig. 3-—This modern light-weight tank is powered by a radial 
air-cooled aviation gasoline engine of 260 hp 


trom a Percheron; a 10-ton commercial tractor has a maxi 
mum speed of some 6 or 7 mph with its engine of 60 to 75 hp, 
and carries no payload on its back; whereas a modern 1o0-ton 
tank uses about 250 hp to propel it at speeds up to 45 mph, 
while the tank is carrying on its back a “payload” of armor, 
guns, ammunition, men, and equipment amounting to from 
30 to 40% of its gross weight of 10 tons. This condition 
simply means that, in the tank, the engine and power train 
must be of the highest performance and lowest weight, to 
gether with a flexible suspension system and tracks of long 
life and low resistance to traction. It is for this reason that we 
consider our modern light tank, shown in Fig. 3, to be a 
descendant of which the original Holt tractor may well be 
proud. 

The outstanding development incorporated in this tank 
the radial, air-cooled, aviation-type gasoline engine of 260 hp 
which, with its accessories, weighs only about 600 |b, or 3 
of the tank. The use of such an engine in a tank was initiated 
by the Ordnance Department in 1930 amid considerable mis 
givings on the part of the industry. It has, by now, been 
developed to the stage that the engine is cooled very econom: 
cally and gives most satisfactory and reliable service, giving 
our tanks thus a power/weight ratio well ahead of any for 
eign machines. The use of very light high-power engines is 
essential to obtain the performance demanded by our Infantry 
and Cavalry. Another important development which makes 
this tank possible is the use of rubber, particularly in the 
tracks. These tracks consist of fabricated steel links encased 
in solid rubber of a special composition, which is vulcanized 
to the links. These rubber track blocks are assembled into an 
articulated track by the use of rubber-bushed steel hinge pins 
in such a way that all relative motion of one block to another 
is by torsion in the rubber bushing. There are no steel pins 
to wear out, and the tank rides wholly on and is propelled 
through rubber as is a solid-tired truck. At its present stage 
of development this type of track has approximately one-half 
the resistance to traction of an all-steel track and about twice 
the mileage life under comparable conditions of speed. 

The engine power is transmitted through a five-speed con 
stant-mesh transmission to a controlled differential; steering is 
accomplished by two steering levers, operating each a brake 
on one side of the controlled differential so that turning is 
effected by slowing down the track on. the side to which it is 
desired to turn. A smooth turn of any radius down to about 
17 ft may be made. It is also worth noting that this tank has 
no chassis or frame; the hull or body is constructed of armor 
plate, and the suspension and other components are fastened 
directly to the hull. This design is used to save weight. which 
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is important, as armor plate weighs 4o lb per sq ft, 1 in. thick. 
Weight is thus the constant enemy of the tank designer. It 
takes armor about '/, in. thick to keep out all sorts of rifle and 
light machine-gun bullets at all ranges. Although our latest 
armor-plate specifications are confidential, | may say that con- 
siderable progress has been and is still being made in the 
improvement of armor plate. 


dency in all armies, primarily as a result of experience in the 
current undeclared wars, is toward heavier armor and a diver 
sification and specialization of tactical types, as is already the 
case with airplanes and naval vessels. Generally speaking, the 
tank may be said to have passed the pioneering stage techni 
cally and to be entering the stage of refinement of the design 
to meet the changing tactical demands developed in the cur- 
A measure of the progress made in automotive ordnance rent wars and peace maneuvers, and to reduce its cost of 
can best be given briefly and clearly by Figs. 4, 5, 6, 7, and 8, operation. 
showing the changes in various important phases of tank de As manufacturers you may be interested to know how we 
sign since rg18. These curves are based on our own tanks of | produce our tanks. We design the tank to meet, so far as 
Ordnance design. Our development between 1920 and 1935 _ practicable, the demands of the users, as already explained. 
was based on a small number of vehicles as the funds available (Fig. 2.) We use, wherever possible, commercially available 
were very limited, as was shown in Fig. 1. components; failing that, we use a modification of a com 
The outstanding development in foreign armies is the build- | mercial component; and, as a last resort, a specially designed 
ing of much heavier (but also slower) tanks than we now Ordnance component is used, such as the rubber-block track 
use; tanks of about 30 tons may be said to be fairly common described _ before. 
and a number weighing over 100 tons have been built. Such 
heavy machines use gasoline-electric drive. The general ten 


These commercial components, including 
the knowledge and experience of their producers, are synthe 
sized and integrated by the ordnance engineer into the com 
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Fig. 4—Armor vs. speed 


Fig. 5-—Variation of maximum speeds 


Fig. 6—Increase of gross horsepower per ton of gross ae ee a oe ' 
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Figs. 4 to 8- Changes in various important phases of tank design since 1918 show the striking improvements made 
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Fig. 9—The table indicates the extent to which components 
of various origins are used in typical Ordnance vehicles 


pleted tank. It is here that we make use ot the specialized 
knowledge and experience of engines, transmissions, and other 
components which we receive from your Society, your profes- 
sion, and your industry. However, the special components 
(such as the tracks and suspensions) and the completed de- 
sign are ours and are our responsibility. In the case of com- 
mercially procured components we prescribe in the circular 
advertisement the design by drawings and specifications, in- 
clude an acceptance test and, in some cases, a guarantee of 
satisfactory operation for a definite number of hours or miles. 
When it comes to the manufacture of a quantity of tanks, we 
buy from industry those components which can best and most 
economically be so obtained; the remaining components are 
manufactured at Rock Island Arsenal and then the tank is 
assembled and acceptance tested there. The reasons why we 
do not have tanks as a whole made by private firms are: a. our 
production program fluctuates considerably from year to year; 
b. there is no armament industry in the United States; c. the 
components which we can obtain economically (or at all) 
from industry vary from year to year; when industry is pros- 
perous it is naturally less interested in taking our small, diff 
cult, and varying business. Further, many types of develop 
ment and experimental work do not lend themselves to being 
done by contract. This procedure has also the merit of keep 
ing alive in the Ordnance Department a small permanent 
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Fig. 10—Private industry and Rock Island Arsenal currently 
divide the tank-manufacturing as indicated 
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nucleus of personnel with the special experience and knowl- 
edge necessary in the design and manufacture of automotive 
ordnance. Figs. g and 10 show the extent to which we use 
components of various origins in typical Ordnance vehicles, 
and the percentages of a light tank which are currently of 
civil and of arsenal manufacture. 

Let us examine where we now stand. I need hardly 
tell you that all armies are mechanizing, using, more and 
more, machines to take the place of men, as does industry. 
The fighting machine, where tactically applicable, is cheaper 
to use, both in money and in intangible human values. In the 
last fiscal year we delivered to the fighting elements of the 
Army over $8,000,000 worth of tanks, scout cars, tractors, 
half-track vehicles, and other automotive ordnance. Our Army 
now has a wholly mechanized brigade of cavalry located at 
Fort Knox, Ky. This unit last autumn marched from Fort 
Knox, Ky., to Fort Riley, some 750 miles, maneuvered at Fort 
Riley for a month, and returned to Fort Knox with some soo 
vehicles of all sorts, including over 100 combat cars (or cavalry 
tanks), over 50 half-track trucks, almost 100 scout cars. and 
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Fig. 11 —French tank production during the World War illus- 
trates the time lag between orders and deliveries 


numerous other wheeled vehicles. Our equipment slowly is 
getting better, cheaper to procure, and cheaper to operate. 
The Army finally has enough of this modern equipment to 
hold proper maneuvers so as to develop the tactics of mech 
anized warfare for, contrary to general opinion, tactics must 
follow the technical development of a new weapon. Further, 
although technical development can take place in peacetime, 
the final tactical development needs the acid test of operations 
with real bullets. 

A final aspect of this problem is the war procurement ot 
automotive ordnance. Our principal requirements are in 
tanks, scout cars, half-track trucks, and tractors for hauling 
artillery. We have plans to procure this equipment from a 
number of suitable firms in the automotive industry. Of the 
four classes mentioned, the tank represents by far the greatest 
problem in procurement, with estimates ranging from 5 
months to 1 year for production after M-day. Predicated on 
experience both in the World War (Fig. 11) and in peace 
time, I am inclined to favor the higher estimates. The choke 
item in the production of tanks undoubtedly will be the armor 


(Concluded on page 192) 
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Dynamic Suspension -A Method of 


Aircraft-Engine Mounting 


By K. A. Browne 


Wright Aeronautical Corp. 


YNAMIC suspension in _ aircraft - engine 

mountings, Mr. Browne explains, has been 
organized to provide elastic freedom linearly cor- 
responding to the vertical and horizontal freedom 
of the shafts of the horse rig, angular freedom 
corresponding to the swingletree action, and tor- 
sional freedom as provided by the traces; yet it 
has the restraint necessary to hold the powerplant 
in place and to allow it to pull the aircraft. Like 
“floating power, he states, the system is based on 
the principle of vibration isolation which employs 
elastic engine mounts that allow the unbalanced 
forces acting on the powerplant to create their 
own counterbalances by acceleration of its total 
mass, thus leaving the supporting structure vir- 
tually undisturbed. 


The distinguishing feature of dynamic suspen- 
sion is named as the accomplishment of a true 
center-of-gravity support by means of directional 
spring attachments on the rear of the engine. The 
data presented include descriptions of several ex- 
perimental applications; a chart of spring charac- 
teristics for the most useful design; corrections to 
the basic frequencies for aircraft operation; 
ground and flight tests on the test stand and the 
dynamometer; and a comparison of an example 
engine-mount analysis with actual experimental 
results. 


AN has encountered vibration associated with his 
M means of transportation from the beginning of time. 

He is conditioned biologically for the motion of 
walking but, when he took to the horse, a new set of mus 
cular reactions had to be trained to protect his body from the 
unfamiliar motions which, at best, are quite tiring; therefore, 
he invented the carriage which isolates this motion. The 
earliest form of wheeled vehicle consisted of an unsprung 


{This paper was presented at the 
Mich., Jan. 10, 1939.) 


See “Vibration Problems in Engineering,” by 
Nostrand Co., 1937. 
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two-wheeled cart with shafts attached rigidly to a yoke about 
the animal’s neck. This combination had its merits, but good 
riding qualities were not among them. Vibration experts were 
at work in the Dark Ages because the cart and yoke com- 
bination developed into a four-wheeled sprung vehicle having 
shafts hinged to the front axle with the fixed yoke replaced by 
a collar connected by traces to a swingletree. This hitching 
rig has persisted to the present day and forms a nearly perfect 
means of isolating the rhythmic motions of the horse’s body 
from the vehicle. Luckily for the experts, the hitching rig did 
not have to support the horse. Our aircraft vibration problem 
basically differs from the original only in that we have to 
support the horses as well as isolate the carriage part from the 
vibratory forces of from 1000 or so hp. Accordingly, “dynamic 
suspension” has been organized to provide elastic freedom 
linearly corresponding to the vertical and horizontal freedom 
of the shafts of the horse rig, angular freedom corresponding 
to the swingletree action, and torsional freedom as provided 
by the traces; yet it has the necessary restraint to hold the 
powerplant in place and allow it to pull the aircraft. The 
well-publicized “floating power” for automotive engines is a 
solution of a similar problem. Both systems are based on the 
principle of vibration isolation which employs elastic engine 
mounts that allow the unbalanced forces acting on the power 
plant to create their own counterbalances by acceleration of its 
total mass, thus leaving the supporting structure virtually 
undisturbed. 


Vibration Isolation 


The vibratory force transmitted to the support of a system 
of one degree of freedom is well known!, but the effect of 
changing resonant frequency in the system where excitation 
is variable with the square of the speed is appreciated seldom. 
Fig. 1 is a plot of the steady-state vibratory forces produced 
in the supporting structure of a mass which is excited by a 
rotating unbalanced weight of % lb-ft. The force is shown 
for four elastic conditions with different natural frequencies 
and with two coefficients of viscous damping, approximating 
the values encountered with aircraft structure. In this case the 
exciting force varies as the square of the frequency which is 
generally the case for all the exciting forces in the aircraft 
powerplant. A glance at Fig. 1 impresses one with the neces- 
sity of placing natural frequency well below the exciting 
frequency. As an example the vibratory forces at 2200 cycles 
per min show a difference of 100:1 between resonance at that 
speed and resonance at 400 cycles per min. Damping is de- 
sirable to limit the force at resonance but is a detriment at 
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Fig. |-—Transmission of vibratory force into the elastic sup- 
port of a body excited by an unbalanced rotating weight 


higher frequencies as it counteracts the isolating effect of the 
low resonant condition. If the exciting force contains more 
than one frequency, only the lowest need be considered. In 
the case of the aircraft engine, several degrees of freedom exist 
but complete vibration isolation is obtained if the natural fre- 
quency of each mode of vibration is small compared to the 


2See Aeronautical Research Committee Reports and Memoranda No. 
1783: “Whirling of Radial Engines on Their Mountings,” by B. C. Carter. 

®See Air Corps Technical Report No. 4215: “Vibration Isolating Radial 
Engine Mounts,’’ prepared by W. E., Stitz. 

*See the Journal of the Aeronautical Sciences, Vol. 6. No. 2, December, 
1938, pp. 43-49: ‘“‘Vibraticn Isolation of Aircraft Power Plants,’ by 
E. S. Taylor and K. A. Browne; also to be published in the Proceedings of 
the International Congress of Applied Mechanics. 

* The reader should be careful to note the difference in notation and 
terms among this paper, the references, and unpublished reports on the 
same subject. 

















Fig. 2-—Diagram of directional spring attachment 
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lowest frequency of any force which will excite the mode in 
question.!: * 3. * 


Directional Spring Restraint 

Since aeronautical design and the general use of radial air 
cooled engines conspire to place the structural ring attachment 
at the rear of the engine, conventional mounting springs, 
which provide the desired angular freedom, allow the engine 
to droop excessively due to the overhang of the mass center. 
Fig. 2.1s a diagrammatic representation of the general case 
of directional spring restraint. From a practical standpoint, 
both mass and elastic symmetry about the crankshaft axis X 
may be assumed. A number of equally spaced spring attach 
ments at O; on a circle of radius m have the greatest restraint 
(indicated by the large coil) along B which intersects the 
crankshaft axis at X, and at angle 2, and less restraint tan 
gential to the circle along 4 and normal to these along C. 
Obviously the 4 springs provide the only restraint for engine 
torque, but also have linear restraint in the Y’Z’ plane at O’. 
The B and C springs create only linear restraint at the points 
Xp, and X¢ respectively. The sum of these linear restraints 
acts in balance at point X’9, designated as distance a ahead of 
O’. A force applied at X’o results in linear motion unaccom 
panied by any rotation and conversely applied torque produces 
pure rotation about X’9. When the powerplant center of 
gravity is located relatively close to X’y there is no drooping 
action, and all the modes of vibration may be treated as inde 
pendent single degrees of freedom. A true center-of-gravity 
mounting is obtainable by this system even though the spring 
attachments are rearward. 

Analysis of the mount’s elastic characteristics by equating 
the summated forces and moments to zero is straightforward 
but beyond the scope of this paper. The value of the com 
plete mount’s spring constants and a have been established,* 
and are expressed most conveniently in terms of the unit’s 
spring rate tangential to the mount circle along 4 axis k, 
with rates along B and C axes expressed as ratios to k, desig 
nated L’ and L” respectively. 

a l sin (2a) L’ — L’ 
= — ——_——- where L - 1 
m 2 1/L + sin’a L’ +1 
Linear spring rate along crankshaft axis 
K, = nk (L’ cos?a + L’ 


sin?a@ 2 








Fig. 3—Directional spring tangential mounting 
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Linear spring rate normal to crankshaft axis 
n : 
K = r- k (1+ L’ sin’a + L” cos’a) (3 
Angular spring rate about crankshaft axis (per radian) 
R, = nkm? (4 


Angular spring rate normal to crankshaft axis (per radian) 


P ‘ 
n L’ cos a (m cos a a sin @) 
_ k 
R ~ cm z _ \ 
9 i ” ( : : 
2 +L" sina (msina + acos a) 


An application of the general case of directional springs is 
shown in Fig. 3. This appears to be a conventional Lord Co. 
mounting, but special tube-form adhesion springs are used 
which have the rubber molded in two opposite segments 
which are placed on the axis at angle x. L’ is about 14, and 
L” around 2. Unfortunately, these values place limitations on 
the spring rates and position of the center of gravity. Ratio 
a/m does not exceed 0.85, which usually confines this simple 
mount to direct-drive, single-row engines. 














Fig. 4—Sketch of link-type mount 


Dynamic Suspension Designs 


The most versatile arrangement of directional spring at 
tachment uses pivoted members between the springs and 
mount structure, thus providing substantial freedom normal 
to the plane of the member; that is L” ~ 0, and L’ ~ L from 
Equation (1). In Fig. 4 is shown the use of tangential tube- 
form adhesion springs retained on the engine and forming 
one pivot for a shackle type of link which is hinged tangen 
tially to the mounting ring. Small tapered roller bearings are 
assembled in the hinge to assure freedom without static fric- 
tion. The length of the link has small effect on the elastic 
constants unless short enough to make L” of consequence 
because of torsional restraint in the mounting spring. Also a 
short link produces a fore-and-aft motion as a result of angular 
motion, due to the arcuate travel of the spring axis. The L’ 
ratio for usual rubber springs is over 7 which allows a to be 
1.2 times m, thus making a suitable two-row engine mounting. 

Fig. 5 is a photograph of the first dynamic-suspension in 
stallation which was made in 1937 for the double-row Cyclone 
14. Mounting springs 214-in. diameter with 3 in. long forged 
steel links were used. Removable rods are shown installed to 
lock the seven links in position, making it a regular Lord Co. 
mount. Vibration on ground and flight tests was reported to 
be quite acceptable. Sperry-MIT vibrograph records were 
taken of engine motion, propeller stress, mount tube stress, 
and rear cockpit motion. The links were unlocked by remov 
ing the rods and all tests repeated. The pilot then reported 
the vibration to be at least the equal if not superior to the best 
[) 12 installation he ever flew. The records showed a general 
reduction in engine and cockpit motion other than torsional, 
a marked reduction in mount member stress variation (shown 


DYNAMIC SUSPENSION 





Fig. 5—Link-type dynamic suspension on double-row Cyclone 
in test airplane 


on Fig. 6), and no change for the worse in propeller stress. 
The improvement by physiological reaction was definitely 
more than the records indicate. 

Fig. 7 shows a dynamic-suspension mount built for the 
geared Cyclone engine to fit a test airplane. Four of the links 
and springs designed for the original installation were used. 
This arrangement was entirely satisfactory from the vibration 
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Fig. 6— Stress in longitudinal mount tube and cockpit motion 
observed in flight with installation shown in Fig. 5 











Fig. 7—Four-spring link-type dynamic suspension for geared 
Cyclone 


standpoint, but is a wide departure from conventional mount 
structure and inclined to be heavy because of the redundant 
ring. Consequently, another design was made using nine 
14%-in. diameter springs and 1% in. long links attached to 
the conventional mount structure. Vibration observations on 
the same airplane did not show quite as good characteristics 
as the four-spring model. The links were shorter, because of 
installation limitations, and the rubber thickness in the springs 
less. In October, 1938, a pair of the same nine spring mounts 
were installed on Mr. Vanderbilt’s Lockheed 14. Fig. 8 is a 
picture taken from the wing of the right nacelle and shows 
the links and tube-form springs clamped to the engine by the 
regular mounting bolts. The personnel in contact with this 
installation was enthusiastic over the reduction in vibration 
throughout the ship. 

Certain aircraft requirements have made it desirable to 
mount large engines from the cylinder heads. Fig. 9 shows a 





Fig. 8—Link-type dynamic suspension on Cyclone in Lock- 
heed 14 airplane 
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pair of V-strut, axially resilient because of rubber spring ends, 
pivoted to each rear cylinder head. The point of intersection 
of the V-struts corresponds to the center of the spring in the 
link type (Fig. 4), but the spring-rate ratio L’ is determined 
by the true angle yy between the struts rather than radial vs, 


£ cot?( ), 
2 


In addition to giving positive control of L, the strut axes 
may be made to intersect at inaccessible points. The details 
of a pair of mount struts are pictured in Fig. 10 as they 
appear on the test stand. The cross-beam is a means for 
carrying the strut attachment to the rocker bolts, the strongest 
point on the cylinder head. The struts are at a wide angle 
because the center of gravity of the standard powerplant is 
not far ahead of the mount attachment. This mounting is 
capable of correct support for the engine with upward of a 
5-ft integral propeller-shaft extension by a change in » and 
rubber hardness. Good isolation is obtained for propeller 
speeds down to 500 rpm. The size of the spring may appear 
excessive, but the weight of rubber required for vibration 


axial deflections. L”’ is practically zero, so L’ 


Y~ 
___\—TRUE ANGLE 





Fig. 9 — Sketch of strut-type cylinder-head mount 


isolating engine mounts in general varies as the square ot the 
horsepower. This requirement results from the reducing pro 
peller rpm associated with increase in horsepower, and_ the 
necessity for obtaining natural frequencies lower than pro 
peller speed. 


Rubber Spring Details 


The tube-form adhesion rubber mounting springs illus 
trated in Figs. 3 to 10 combine the desirable features of light 
ress, increasing spring rate for large deflections (snubbing), 
some damping, and mechanical safety in case of rubber fail 
ure, thus establishing their practical selection over other pos 
sible springs. The cylindrical rubber extension beyond the 
outer sleeve shown in Figs. 5, 7 and 8, is not recommended 
because of premature failure of the rubber bond due to radial 
deflections. The undercut end shape as shown in Figs. 4 and 
10 is much more durable, and the axial snubbing effect may 
be obtained by a separate compression washer. The axial rate, 
k, of the usually proportioned spring may be estimated for 
design as follows: 


b (surface area of inner sleeve) (shear modulus of rubber ) 
vill (thickness of rubber between sleeves) 

The shear modulus ranges between 85 and 160 lb per sq in. 
for durable rubber stock. The L’ ratio falls between 4 and 10 
depending upon spring proportions, but has been 7 to 8 for 
the details actually used. Normal operating loads should not 
exceed 50 lb per sq in. axially (rubber in shear), nor 500 |b 
per sq in. projected area radially. Temperature of the mount 
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ing parts in contact with the rubber should be kept below 150 
F at all times. 


Natural-Frequency Calculations (Fig. 11) 

The predetermination of natural frequencies and conse 
quent control of transmitted vibration are now a matter of 
detail design of the dynamic-suspension components. Experi 
mental installations have conformed closely with the analyti 
cally predetermined characteristics. Obviously, the mass data 
for the whole powerplant must be calculated from the com 
ponents or measured as an assembly. Care must be exercised 
to put all figures in either feet or inches (or centimeters) and 
to use the corresponding gravitational constant. 


Required Data 
Total mass of powerplant = Weight/g = M 
Location of center of gravity 
(assumed to lie on crankshaft axis 
Radius of gyration around crankshaft axis = r, 
Average radius of gyration about center 
of gravity on axis normal to crankshaft = 

Polar moment of inertia of propeller = J, 

Assuming that the angular and linear modes of vibration 
are independent, as is the case if the center of gravity is 
located correctly, the natural frequencies of the powerplant 
supported by a virtually infinite mass are: 
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The spring constants may be computed from Equations (2) 
to (5) for any mount springs, but the special case of L’’ = o 
allows simplification of the constants into ratios with each 
other. Since the torsional spring rate R, is easy to compute 


and is independent of the directional spring variables, it is 
used as a reference value. 
. _—___- a 
Let S, = VR Toa = \ — cota (9) 
2m 
which is derived by eliminating L from equation (5/4) with 
Equation (1). 
Combining Equation (7/6) with Equation (9 
angul: uf S. fs - 
torsional tn 7 r | 
. ; ; , m 
Likewise, by letting S = VR/K = —— cot a — 1 (11 
a 
and combining Equation (7/8) with Equation (11 
angular f,, S - 
linear f,, r 7 
Dividing Equation (10) by Equation (12 
linear t. S, Vz » 
———$—<$___—_ = —— 13 
torsional f,, S 


Fig. 11 presents in graphic form the relationship of the 
correct L ratio from Equation (1), S, and S/a from Equa- 
tions (g) and (11) for usable values of a/m and angle a. It 
may be noted that these data are all non-dimensional which 
makes them ideal for analyzing or synthesizing any link-type 
dynamic suspension. The effect on natural frequencies ot 
changes in mount geometry and spring characteristics may be 
visualized clearly by studying Fig. 11, always bearing in mind 
that the powerplant is assumed to be a static body attached to 
a rigid support. 

In an airplane installation, the powerplant is attached to a 
partially elastic free body with quite finite mass, furthermore 
the propeller rotation introduces gyroscopic couples and the 
center of gravity may not fall exactly on the elastic center. 
Figs. 12, 13, and 14 are presented as means of correcting the 
computed f, values, or at least indicating the probable dis- 
crepancies between f, and the actual resonance frequencies, f, 
encountered in flight operation. 


Aircraft Structure Effect (Fig. 12) 


Obviously, the elasticity of the aircraft structure adds to 
that of the springs and tends to lower the computed f,, but 
the limited mass of the structure acts to raise f,. When the 
engine is bolted rigidly to the structure, it exhibits natural 
frequencies, fg which have modes of vibration approximating 
those with dynamic suspension. The fg values are known 
roughly from past experience, and the ratio f/f, is used in- 
stead of elasticity ratio as the criterion for the correction 
factor, f/fn. The aircraft mass, being distributed remotely 
from the powerplant, does not act effectively in linear motion 
normal to the crankshaft, especially vertically, but is very 
effective in angular motion. The wing spread gives the air- 
craft large rolling inertia thus making Mo relatively large in 
torsional motion. The mass ratio M/M, for torsional and 
angular modes of vibration in all present-day aircraft are con- 
fined between o and 0.2, but the fo/f, ratios for dynamic sus- 
pension are 2.5 to 6, whereas the linear mode mass ratio, runs 
from 0.2 in transport ships to 2.5 in single-engine pursuit 
types in conjunction with corresponding fo/f, values of 0.4 to 
1.5; therefore the correction is seldom over + 10% 


5 See the Journal of the Aeronautical Sciences, Vol. 4, No. 12, October, 
1937, pp. 487-490: ‘“‘The Torsional Critical Speeds of Geared Airplane 
Engines,” by J. P. Den Hartog and J. P. Butterfield. 


It has been tound from experience that a complete neglect 
of aircraft mass and structural elasticity does not introduce 
errors of sufficient consequence to alter the mount designed 
for any particular powerplant. Fig. 12 is given principally to 
illustrate the range of possible structure effect. 


Propeller Gyroscopic Effect (Fig. 13) 

The rotating propeller acts as a rigid flywheel when the 
axis is turned or oscillated at low speeds. 
Ty at go deg to the angular motion. 
2aN I, 

60. 


It produces a torque 


Tn = 


(rate of turn in radians per sec 14 
where N propeller rpm and /, polar moment of inertia 
of propeller. The total gyroscopic couple includes the effective 
polar inertia of the entire rotating system as well as the pro 
peller. This torque couples with the angular spring restraint, 
R, of the mount and tends to stiffen the mounting for conical 
oscillations with propeller rotation and loosen it for opposite 
direction oscillations.’:* The single angular f thus becomes 
split into two by propeller rotation; the higher value is of 
chief interest because it determines resonance with propeller 
first-order excitation, but the lower frequency is excited by 
transient impulses and aerodynamic buffets. Fig. 13 gives 
both correction factors for angular fy o for various relative 
propeller inertias. 


Effect of C.G. Overhang (Fig. 14) 


When the powerplant center of gravity falls ahead (or be 
hind) of the elastic center by an amount C, a coupling between 
linear and angular motion is produced which spreads their 
independent frequencies and results in a pair of interrelated 
modes of angular motion, the one of higher frequency being 
about a node ahead of the center of gravity and the other hav 
ing its node behind the elastic center.!: *» *» 4 The overhang C 
of a conventional-type mounting is at least the distance of the 
center of gravity ahead of the mounting bushings. The curve, 
Fig. 14, is a non-dimensional form of known frequency rela 
tions for the cantilever mounting and gives the two dependent 
frequencies as ratios of the independent linear natural fre 
quency for an extended range of C 

It is obvious by inspection that an error of an inch or so in 
locating the center of gravity has inconsequential effect on 
natural frequencies with — suspension, but that conven 
tional mounts with C/r 7 have a minimum frequency 
spread of 2 and usually 3 to 4. “a he higher frequency angular 
mode of vibration is the major source of transmission of en 
gine and propeller ‘ 
mount. 


‘roughness” with the conventional engine 


Reduction-Gear Torsional Effect 


It has been pointed out® that the crankshaft critical speed 
is coupled to the engine frame torsional mode and causes a 
spreading of these natural frequencies. Since the engine frame 
will respond at a much lower speed than the crankshaft, the 
coupling effect is small. Present engine-mount designs have a 
torsional correction factor between 0.95 and 1.0 and, conse 
quently, may be neglected. 


Fore-and-Aft Elasticity 


No particular control of natural frequency in linear motion 
along the thrust axis is attempted. It may be computed by 
means of Equation (2) and Equation (8), but has been 
omitted from the graphic data. Fortunately, there are no 
exciting forces for this mode below the propeller third order; 
however, a small coupling with the angular mode results from 
the use of short links as mentioned under the he ading, “Dy 
namic Suspension Designs.” 


The Cyclone nine-point mount, 
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Fig. 8, employing 1%-in. links, exhibited a weak resonance 
condition at engine first order which coincided with the calcu- 
lated natural frequency along the crankshaft axis, but a similar 
response never has been detected with the other designs using 
3-in. or longer links. Generally dynamic-suspension mount- 
ings are stiff in the thrust direction, which condition is quite 
desirable for the installation of plumbing and engine controls. 


Placement of Natural Frequencies 


The usual connecting-rod system of the radial engine de- 
velops a sizable first and second-order torque variation due to 
both inertia and gas pressure effects®, which condition makes 
it necessary to place torsional f below 0.8 of the lowest cruis- 
ing rpm. The selection of torsional { should be tempered by 
consideration of engine 4-order excitation, which is notice 
able in single-row engines normally, but becomes severe with 
misfiring of one or more cylinders. Resonance with this ex- 
citation should be avoided definitely at take-off and normal 
cruising speed. Unfortunately, it is not always practical to 
isolate the 4-order torque variation, especially on large en 
gines, because of the resulting excessive rolling motion. 

Since the propeller first-order linear and angular exciting 
forces due to errors in running balance, track and blade pitch 
are the lowest in the powerplant, angular f and linear f should 
be 0.7 or less of the lowest propeller cruising rpm. Resonance 
at these low frequencies is unimportant as indicated by Fig. 1 
and demonstrated by tests made with propellers purposely 
unbalanced by as much as 1 ft-lb. 

The easiest and most useful method of checking the vibra 
tion characteristics of dynamic suspension consists of visual 
and physiological observation of the engine and plane struc 
ture during: 1. ground operation with one cylinder missing to 
locate torsional f; 2. ground running, followed by flight oper 
ation throughout the speed range with the propeller definitely 
out of balance to locate angular f and linear f resonance, and 
3. normal flight operation with stylus and scratch-plate records 
of relative engine motion. Of course, elaborate and accurate 
vibration records may be obtained, but they are unnecessary 
and usually inconclusive. Physiological reaction of pilots and 
passengers is the real criterion of vibration in aircraft’. 


Motion of the Engine 


It often is assumed erroneously that vibratory motion of the 
powerplant will be increased by the introduction of the flexi 
bility requisite for effective vibration isolation, with conse 
guential danger to propeller and accessory failures. This is 
far from the case since the flexible structure avoids resonance 
commonly present in conventional mounts and results in 
lower accelerations of the engine and reduced stresses in the 
accompanying equipment. This statement is substantiated by 
every vibration record taken in flight. However, engine mo 
tion produced by static loadings, transient accelerations, the 
propeller gyroscopic couple in a turn, and irregular cylinder 
firing at low speeds, is definitely more than with conventional 
mounts, but dynamic suspension allows less transient motion 
than any other known type of elastic mount which has the 
same degree of vibration isolation. Static deflections of the 
engine relative to the mounting ring for any known or as 
sumed loading conditions are computed readily for design 
clearances. 


linear deflection = M X acceleration/A ) 

thrust deflection = Propeller thrust /K, 15) 
5) 

vaw or pitch = propeller gyroscopic couple/R 

roll = propeller torque /R, 


® See the Journal of the Aeronautical Sciences, Vol. 6, No. 1, November, 
1938, pp. 1-6: “Gas Pressure Torque of Radial Engines,” by G. P. Bentley 
and E. S. Taylor. 

7 See Aeronautical Research Committee Reports and Memoranda No. 
1637: “Aircraft Vibration.” by H. Constant. 
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If the displacement is relatively high, an average value of 
the spring rate should be used which allows for the snubbing 
action of the springs under large deflections. 

Of more interest is the maximum motion recorded by stylus 
and scratch plates attached between the engine cowl and 
nacelle at about 30-in. radius. Many records were made over 
extended ground and flight operation on both Cyclone and 
double-row Cyclone installations (Figs. 5, 7, 8). These mounts 
had approximately the same natural frequency characteristics; 
all had torsional resonance at 700 cycles per min, and exhib 
ited much the same motion. The maximum area scratched 
was roughly elliptical in shape, % in. tangentially and 3/16 in. 
fore and aft. The effect of torque and thrust displaced the 
center of area slightly from the stylus at rest. Most of the 
torsional motion occurs as transients during starting and 
warm-up, and has an amplitude about equal to the roll calcu- 
lated for take-off torque. The 3/16-in. fore-and-aft motion 
includes the thrust, at most 1/32 in., and the angular motion. 
It was not necessary to make any special or unusual provision 
in the controls or plumbing in the installation of the mounts 
flight-tested, because these connections generally are parallel 
to the crankshaft and, therefore, little affected by torsional 
motion. 


Test-Stand Operation 


The mount designs shown in Figs. 5, 7 and 10 have been 
used successfully for endurance-testing of engines on stands 
with both test clubs and flight propellers. The cylinder-head 
mount (Fig. 10) allowed an intermittent angular wobble of 
not over 20-min amplitude gyrating opposite to propeller 
rotation at about 200 cycles per min, which identified it as the 
lower angular f (left side of Fig. 13). It evidently was ex 
cited by the irregular air flow in the test-stand tunnel acting 
on the flight propeller. This same mount was tried on a 
dynamometer stand but would not permit engine operation 
because of self-excited angular vibration resulting from the 
torque component produced by the displacement angles in the 
18 in. long double vniversal-joint coupling to the dynamom- 
eter shaft. This type of self-excited engine vibration is com- 
parable in nature to wing’ flutter; above a certain torque it 
starts and immediately reaches an amplitude limited only by 
the mechanical freedom of the universal couplings. Probably 
the critical torque can be raised well above any operating 
conditions by a much longer coupling and damping in the 
engine mount, but no experiments of this nature were at- 
tempted. Dynamic suspension is not used on the dynamom 
eter stand. 


Example Analysis 

The first dynamic-suspension design as shown in Fig. 5 is 
used for the example. The mass data for the powerplant were 
obtained from experimental measurements on the engine and 
calculation of the other powerplant components in their re 
spective locations, and are subject to possible errors of 10%. 
The elastic data for the rubber springs were determined from 
static load calibrations, whereas dynamic calibration would be 
more accurate. The difference is believed to be slight for the 


parts used. Inch dimensions are used, g = 386 in./sec* 


Spring Data Mass Data 
axial rate, k = 5000 |b per in. Weight = 2570 Ib 
radial, L' = 7.8 M = 6.65 
twisting rate = 4000 t, = 13.7 
for 3-in. links, L" = 0.09 r = 19.4 
mount radius, m= 15.1 C. G. location = 16.3 
number of springs, n = 7 IT, = 895 


link angle, a = 31.5 deg J = 0.38 
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Assuming L” = Oand L’ = L, then use Fig. 11, find a/m = 1.07, 
S, = 0.92, and S/a = 0.67, then a = 16.3, which places the elastic 
center exactly on the center of gravity and S = 10.9 


5000 X7 


torsional f, = 9.55 —— —_— 763 cycles per min. 
> .65 


angular f, = 763 - = 495 cycles per min. 


a. Oo. «O.o8 
linear ff,” = 763 ———————— = 882 cycles per min. 
10.9 ’ 











Fig. 15—Taylor's original directional spring engine mount 


The exact computations, including the value of L” are made 
using Equations (1) to (5); the results follow: 


a/m 


= 1.043 | + 199,000 K 
a = 15.8 R, = 7,980,000 R 


i 


55,800 
8,400,000 


ll 


ll 


and the f, values computed by Equations (6), (7) and (8) are 
fore-and-aft f, = 1650 linear f, = 875 torsional f, = 763 
angular f, 553 


= 553 
which indicates the neglect of L”” for the simple computations 
introduces an error of 10% in the angular frequency only. 

A ground test using a rotating exciter on the propeller shatt 
showed resonant engine motion only in a band between 500 
and 700 rpm. Flight tests, with one cylinder missing, estab 
lished the torsional response at 700 cycles per min or 1400 
rpm of the engine. The peak at 1300 rpm shown on Fig. 6 
was vertical linear motion from propeller excitation, 867 cycles 
per min (2/3 engine speed), whereas the ground excitation 
test placed the vertical linear below 700 cycles per min. The 
difference is due to mass effect of the airplane with wheels off 
the ground. The plane structure was only 1.8 times the 
powerplant weight and ineffectual vertically. From Fig. 12, 
the M/M,y, must have been around 2 for this mode of 
vibration. 

The propeller gyroscopic correction is 1.27 for propeller 
excitation from Fig. 13, therefore angular f in flight would be 
700 cycles per min, which checks well with the observed reso 
nance at 1000 rpm with the propeller out of balance. 
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Automotive Ordnance 
(Concluded from page 184) 


plate, which requires very special knowledge and equipment 
to produce. As to our quantity requirements, although | 
cannot reveal these figures, they will be large as you may 
judge, since we ordered for our American Expeditionary 
Force in 1918 over 22,000 tanks and 25,000 tractors. Stephen 
Possony in “Tomorrow’s War” estimates 280,000 tanks and 
other armored vehicles required for a modern mechanized 
army in a year of a major war. Although this is only an 
estimate and, I think, a high one, there can be no doubt that 
our requirements will be very large, even as you in the auto 
motive industry judge production. Since it takes a consider 
able time to get into production, Fig. 12, showing the tanks 
now on hand in foreign armies, will be of interest. 

Finally, you may well ask: If everything is going as well 
as indicated here, why worry about automotive ordnance? 
The answer is this: Although mechanization is as American 
as baseball. we have to be a lot better if we want to win the 
pennant. What I mean is this: We need to make the initial 
cost of our equipment cheaper so that it may be used more 
widely and may replace man-power in peace economically, as 
I am sure it can in war; we must increase the life of our 
vehicles so that we can afford to train with them and must 
not lose sight of the war-time benefits of mechanization by 
being blinded by a high peace-time cost; we need to make our 
equipment more readily producible in quantity in order that 
when M-day comes we may get fighting machines quickly, 
cheaply, and in quantity; we need the continuation of the 
sympathetic understanding and cooperation of the greatest 
automotive industry in the world so that this industry may be 
not only a potential factor in the defense of America, but a 
dynamic factor as well. 

In closing, I should like to leave these thoughts with you: 

We have benefited by and appreciate the cooperation of 
your Society, your profession, and your industry. 

American automotive ordnance is first-class in quality and 
performance. 


ARMIES AND NAVIES 


THE ARMIES AND NAVIES OF THE PRINC/PAL WORLD POWERS, 
OUTSIDE THE U.S.,ARE EST/MATED TO BE AS FOLLOWS: 
































~ nrion PRB ERED [ras] Sel 
| BRITISH EMP| 39029/| 632,053) 750 |1232,000 
FRANCE | 708,000) 5,500,000| 3,000 | 546.000| 
| RUSSIA | 1,500,000 19,450,000| 3,500 | 200,000 
GERMANY | 650,000| /,850000) 2,300 | 300,000. 
ITALY _|1,/11.593) 5,214,368] 2,000 | 529,000 | 
| JAPAN 260,000) 2,000,000| 800| 754,000 











Fig. 12—This estimate of the armies and navies of the great 
world powers outside of the United States gives figures for 
the tanks now on hand in foreign armies 


Mechanization is here to stay and is tending to increase. 

The mechanization of armies gives the United States an 
immense advantage when trouble comes because we lead the 
world in manufacturing. 

The war-time demands for automotive ordnance will be 


enormous. 

A more uniform program of mechanization would be of 
considerable benefit to our work, both in speeding develop 
ment and in reducing costs. 
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“Seizure-Delay” Method for Determining 


the Seizure Protection of EP Lubricants 


By H. Blok 


Delft Laboratory, Royal Dutch Shell 


iy does not yel seem to be recognized fully that 
it is the local temperature at the surface of 
contact and not the local specific pressure that 
chiefly determines the occurrence of seizure un- 
der extreme-pressure-lubrication conditions. This 
local temperature is the result of the temperature 
level of the parts lubricated, considered as a 
whole (“bulk” temperature) and of a superim- 
posed instantaneous temperature rise (tempera- 
ture “flash” ) which is localized in the surface of 
contact. It appears typical for extreme-pressure- 
lubrication conditions, as met in gear practice. 
that the temperature flash is much higher than 
the bulk temperature. 


With existing conventional test methods for the 
determination of the protection against seizure 
afforded by EP lubricants, a considerable rise of 
the bulk temperature mostly occurs; as it cannot 
be controlled sufficiently; thus, leaving an un- 
known margin for the temperature flash, it ren- 
ders impossible a reliable determination. With 
the “seizure-delay”’ method the effects of this vari- 
able bulk temperature are eliminated, so that only 
the effects of the temperature flash remain. 


Seeing that the temperature is the main fac- 
tor under so-called extreme-pressure lubrication 
(EPL). “extreme-temperature-and-pressure”  lu- 
brication (ETPL) would be a more rational term 
and. consequently, this term will he adopted 
throughout the following pages. 


HE most essential criterion of ETP (extreme-tempera 
ture-and-pressure) lubricants is the “protection against 


seizure’ afforded, as their foremost duty consists in 
preventing seizure. 


[This paper was presented at the National Fuels 
of the Society, Tulsa, Okla., Oct. 6, 1938. 

' See Proceedings of the Second World Petroleum Congress, Paris, 1937. 
Vol. TIT, pp. 471-486: “Les Températures de Surface dans des Conditions 
de Graissage sous Extréme Pression” (Calculation of surface temperature 

nder extreme-pressure lubrication conditions), by H. Blok. (Because of 
errors in the official text of this paper, Mr. Blok offers to send a corrected 
reprint free of charge on application.) 

2See General Discussion of Lubrication and Lubricants, Institution of 
Mechanical Engineers, 1937, Vol. 2, pp. 14-20: “Measurement of Temper- 


ature Flashes on Gear Teeth under Extreme-Pressure Conditions,” by 
H. Blok 
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The importance ot expressing this criterion in terms bear 
ing a direct relation to gear practice is apparent. To this end, 
the main factors determining the occurrence of seizure under 
ETP lubrication conditions should be known; otherwise test 
results may lose much of their inherent significance, the 
chance of their being interpreted erroneously then being very 
great. Once it is fully recognized that the main factor that 
controls seizure is the local temperature and not the specific 
pressure in the surfaces of contact, it is no wonder that the 
eflorts to express protection against seizure as “load-carrying 
capacity,” that is, in a seemingly direct way in terms of load 
o1 pressure, have so far been unsuccessful. Betore proceeding 
to show how satisfactory methods of testing and of interpreta 
tion may be developed, a synopsis will be given of the impor 
tant temperature phenomena on gears under ETP lubrication 
conditions. 

Consider a pair of mating teeth during meshing; the surface 
of contact common to both teeth will then move over the 
respective tooth faces. As the relative rolling motion is accom 
panied generally by a relative sliding motion, a fairly large 
amount of frictional heat may be developed, which will pene 
trate at some mutual ratio into both teeth; this ratio depends 
on the respective velocities at which the surface of contact 
moves over the teeth and on the respective thermal properties 
of the gear materials. 

One ensuing effect, that of heating up the mass of the gear 
wheels at a relatively slow rate, needs no further explanation. 
\nother effect, which is not so well known but is by far more 
important for the following considerations, is that each point 
on the active part of the tooth faces will not only be subjected 
to high pressure, but also to a “temperature flash,” be it only 
during a period of the order of magnitude of 0.0001 sec. It 
already has been shown elsewhere’: * that this temperature 
flash is restricted to the immediate neighborhood of the mo 
mentary surface of contact and will disappear very rapidly 
again (chiefly owing to the conduction of heat into the mass 
of the gear wheels) as soon as the tooth face considered is out 
of mesh, so that this tooth face will have reached its initial 
temperature level again towards the following meshing pe- 
riod. In brief, the whole temperature problem may be reduced 
to the superposition of the local temperature flashes on a cer 
tain “bulk” temperature of the gear wheels. 

That the local temperature might affect greatly the occur 
rence of seizure on gears has long been surmised, but means 
of determining this temperature directly, that is, by measure 
ment, have only recently been developed”. Therefore, indirect 
means, that is, calculations, were used first. A first step con 
sisted in applying the classical PV criterion (mean specific 
pressure, P, in lb per sq in. in the surfaces of contact multi- 
plied by their relative sliding velocity, V, in fps); this 
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method has been used, inter alia, by J. D. Almen in seizure 
tests on automotive spiral bevel gears.* As far as this criterion 
is intended for indicating what might be called the “specific 
thermal load” (Btu per sq in. and per sec), it should yet be 
extended properly by a factor { representing the coefficient of 
friction. However, it can be shown easily that even this 
broader criterion fPV generally cannot give a reliable, let 
alone a proportional, measure of the local temperatures. 

Recently a general criterion for the temperature flashes has 
been found as a result of an actual temperature calculation’, 
which gives a true proportional measure for these flashes on 
high-speed gears with so-called line contact (spur gears, bevel 
gears, hypoid gears) and for several other cases (for instance 
for the SAE machine under certain test conditions); the scope 
of these calculations is very wide*. The new criterion is 
represented by Cf VP®V,_ in which C is a constant charac 
teristic for each gear transmission dependent on thermal 
properties and geometric data of the gear teeth. 

For cases where the local specific pressure, P, is known as 
a function of the torque, the temperature flashes may also be 
expressed in terms of power, N, and sliding speed, V, or rota- 
tional speed, n, respectively of one of the gears. For instance, 
for the frequent cases that P may be put proportional to the 
square root of the torque (spur gears, bevel gears, and so on), 


wine 3 
the criterion Cf ./P3V may be replaced by C’f {—. 
n 


It follows? that the constant C or C’ tends to become rela- 
tively small in those cases where the rolling motion between 
the mating gear teeth is relatively large. It may be shown 
similarly why the temperature flashes are so very much higher 
on hypoid gears than on spiral-bevel gears, even if both types 
of gears are subjected to the same specific pressure and the 
same sliding speeds. This condition is due to the fact that, on 
hypoid gears, in contradistinction to spiral-bevel gears, the 
sliding speed has a large component in the longitudinal direc 
tion of the “line” of contact. This condition, of course, also 
results in a smaller wedge action of the lubricant, but the in 


3See Automotive Industries, Nov. 23, 1935, pp. 696-701: “Factors In- 
fluencing the Durability of Spiral-Bevel Gears for Automobiles,” by J. D 
Almen. 

*See General Discussion of Lubrication and Lubricants, Institution of 
Mechanical Engineers, 1937, Vol. pp. 222-235: ‘‘Theoretical Study of 
Temperature Rise at Surfaces of Actual Contact under Oiliness Lubricating 
Conditions,” by H. Blok. 


fluence of the latter seems to be of only secondary importance. 

So far as we have been able to investigate the case of 
straight spur gears, the foregoing calculations have been con- 
firmed experimentally* by making the mating gear wheels 
from different steels, so that they themselves constituted a 
thermocouple. Further experimental evidence, also for other 
cases, would be very valuable, as this information will cer 
tainly supplement our knowledge of ETP lubrication con 
siderably and will probably elucidate the discrepancies so 
frequently found in the field of research concerned. By apply 
ing the new criterion to Almen’s results on different types of 
spiral-bevel gears it has been found that, for each combination 
of lubricant (a straight mineral gear oil) and type of gear, 
seizure only occurred as soon as a certain critical value of this 
criterion was exceeded. This result confirmed the idea con 
ceived earlier that, under ETP-lubrication conditions a char 
acteristic “temperature at seizure” may be allotted to each 
combination of lubricant and rubbing surfaces. According to 
many other indications, this critical temperature at seizure 
moreover would be nearly independent of load, speed, and 
also of the temperature of the lubricant “in bulk” (as long as 
this bulk temperature does not chemically affect the lubri 
cant); only a high bulk temperature diminishes the allowable 
height of the superimposed temperature flash. 

In particular, further confirmation of the typical constancy 
of the temperature at seizure would constitute a valuable con 
tribution to the theory of ETP lubrication, which might 
greatly influence the test technique in question and the classi 
fication of ETP lubricants. 

Viewed in this light, the term EP lubricant (EPL) might 
indeed better be dropped and replaced by the more rational 
term, “extreme-temperature-and-pressure lubricant” (ETPL), 
as already has been done in the foregoing. 

Hereafter it will be shown how, in the development of the 
test method for determining the protection against seizure on 
the Four-Ball Apparatus, the so-called seizure-delay method, 
due consideration has been given to the preceding views (se¢ 
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Appendix) and to what extent its results correlate better with 
practice than the conventional methods (see Section II). 

In automotive gears the “bulk” temperature, of course, will 
be variable, so that a “temperature flash” may come at a more 
or less inopportune moment. For evaluating ETP lubricants 
on ETPL testers the author has found it fruitful to eliminate 
the effects of the variable bulk temperature; now this is exactly 
where conventional methods fail and, as will be shown, it is 
the very point which, so far, mostly has made the correlation 
of ETPL testers unsatisfactory. 

Especially those who are interested in the application of the 
seizure-delay method to other ETPL testers, or in the develop 
ment of other methods based on considerations of local tem 
peratures, are referred to the Appendix. 

It will be necessary first to describe the Four-Ball Apparatus 
and the test method used. 


1— Apparatus and Method 


The Four-Ball apparatus for testing ETP properties, which 
was invented by our late Director, G. D. Boerlage, already has 


been described in detail elsewhere® °, so that here we may 


confine ourselves to a concise description. The four-ball prin 
ciple, illustrated in Fig. 1, eliminates the wedging action of 
the lubricant and hence the influence of the viscosity of the 
lubricant*: * ° 

Three balls, clamped immovably together in a bowl (Fig. 
1), are immersed in the oil or grease to be tested. A fourth 
ball is clamped automatically in a chuck fixed in the lower 
end of a shaft driven (either directly or by means of a belt) 
by a 144-hp electric motor which attains the rated speed of 
1450-1500 rpm within a few tenths of a second. 

This top ball is situated vertically above the center of the 


5 See Engineering, Vol. 136, July 14, 1933, pp. 46-47: ‘Four-Ball Test- 
ing Apparatus for Extreme-Pressure Lubricants,” by G. D. Boerlage. 

® See Proceedings of the Second World Petroleum Congress, Paris, 1937, 
Vol. TIT, pp. 445-451: “Les Essais de Lubrifiants pour Pressions Extrémes”’ 
(Testing of EP lubricants), by W. J. D. van Dijck and H. Blok. 

7 See Engineering, Vol. 144, July 2, 1937, pp. 1-2: “Four-Ball Top for 
Testing the Boundary Lubricating Properties of Oils under High Mean 
Pressures,” by G. Boerlage and H. Blok. 

® See General Discussion on Lubrication and Lubricants, Institution of 
Mechanical Engineers, 1937, Vol. 2, pp. 34-42: “‘Characteristics of Gear 
Lubricants Revealed by the Four-Ball Extreme-Pressure-Lubricant Testing 
Apparatus,” by D. Clayton. 

®See General Discussion on Lubrication and Lubricants, Institution of 
Mechanical Engineers, 1937, Vol. 2, pp. 274-284: “The Use of the Four- 
Ball Extreme-Pressure-Lubricant Testing Apparatus for Ordinary Lubri 
cants,” by D. Clayton 
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triangle tormed by the three underlying balls (see top view in 
Fig. 1). For each test carried out at a load remaining constant 
during the test, a new set of %-in. SKF balls of normal ball 
bearing quality (hardened chromium steel) is used. The total 
vertical load exerted on the bowl can be adjusted within the 
range from 10 to 800 kg, by means of a weight lever (see 
Fig. 2) pushing the bowl upwards, and is put on before 
switching on the motor. The sliding speed between the balls 
is about 1.9 ftps. 

The diameter of the circular static indentation on the balls 
caused by the load before running has been found to range 
from 0.19 mm (0.0075 in.) at 10 kg (22 lb) up to 0.81 mm 
(0.032 in.) at 800 kg (1770 lb); these values correspond with 
the well-known calculations by Hertz. Accordingly, the mean 
pressure generated varies from 15,000 (100 tons per sq in.) up 
to more than 60,000 kg/cm* (400 tons per sq in.); the result 
ing maximum stresses correspond approximately to the yield 
value of the ball steel. 

The bowl, being placed on a small thrust ball bearing which 
permits a horizontal displacement, ensures in the first place 
automatic centering of the underlying balls with respect to the 
top ball, so that the load will be distributed evenly over the 
three “points” of contact; moreover, the friction torque exerted 
on the underlying balls can be measured sufficiently accu 
rately. The friction measurement can be carried out by con 
necting the arm fixed to the bowl (see Fig. 2) to a recording 
mechanism; the device allows the coefficient of friction for 
each load to be read off from the diagram, no figuring being 
required. 

For the purpose of evaluating the protection against seizure 
afforded by the lubricant to be tested according to the seizure 
delay method, a series of 1-min tests are carried out, each at a 
constant load. Usually the following features arc tound in 
these tests: 

1. At relatively low loads no seizure will occur; this case is 
represented by the friction diagram, Fig. 3. After the initial 
friction peak, which is due to switching on, the friction co- 
efficient remains practically constant and in general has a 
value of the order of magnitude of 0.05 to 0.10. 

The mean diameter of the circular scars produced on each 
of the lower balls after 1 min equals, in this case, the 
diameter of the static indentation at the beginning of the test 
(see Fig. 4). 


2. At higher loads seizure may occur within 1 min with an 





Fig. 4- Wear scar, no seizure — Magnification 50X 
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intensity and at a load that are dependent on the properties of 
the lubricant tested; generally seizure occurs only once during 
a test but it may repeat itself; it is apparent from a seizure 
peak in the friction diagram, sometimes reaching values of 
about 0.2 to 0.5 (see Fig. 5). 

It will be found invariably that the time elapsing from the 
start of the test up to incipient seizure, the so-called seizure 
delay, decreases with increasing loads. This seizure delay has 
been plotted against load in Fig. 6 for various test lubricants; 
the numbered symbols N, S, C/, P and C which are used con- 
sistently throughout this paper (see also Figs. 8, 10, 11 and 
12) refer to different lubricants belonging to the following 
groups: 

Group N: non-doped mineral oils. 

Group S: lubricants containing sulphur, and sometimes lead 
and/or chlorine. 

Group C7: lubricants containing chlorine. 

Group P: lubricants containing phosphorus. 

Group C: lubricants containing dopes without “active” ele 
ments, such as S, C/, P, and so on. 

Some of these lubricants were commercially available as 
hypoid-gear lubricants, whilst others had been prepared in the 
laboratory. 

The characteristic load at which the seizure-delay amounts 
to 2.5 sec (to be read off from the averaged seizure-delay 
curves), the so-called 2.5-sec seizure load is taken as a mea- 
sure for the protection against seizure afforded by the lubri 
cant considered; it has been found to tally satisfactorily with 
the results of seizure tests on actual hypoid gears (see Section 
Il). The theoretical reasoning justifying this procedure will 
be given in the Appendix. 

It is remarkable that most seizure-delay curves of different 
lubricants form a family of curves, that is, they generally do 
not intersect each other (Fig. 6); there are, however, 
exceptions. 

As long as, for any given load, no seizure occurs, it is often 
found that the weight lever practically does not go down, 
thereby proving that the mean wear-surface diameter on the 
lower balls then remains constant and therefore equal to the 
diameter of the initial static indentation, the so-called Hertzian 
indentation. Further it will be found in most cases that 
seizure lasts a few seconds only*:®, whereupon a state of 





04 


COEFFICIENT OF FRICTION 





10 20 40 SO 60 SECS 
\SEIZURE DELAY TIME 


@ = SWITCHING-ON PEAK 
6 = SEIZURE PEAK 


FRICTION DIAGRAM; SEIZURE 








Fig. 5 


equilibrium seems to be reached, as the friction again drops 
to a level only a little higher than the original friction. From 
that point onward, the mean wear-surface diameter remains 
practically constant; hence by far the greater part of the wear 
generally will occur during seizure and therefore the mean 
wear-surtace diameter may be regarded as a measure for the 
intensity of seizure; the amount of steel removed from the 
underlying balls is about proportional to the fourth power of 
this diameter. 

A wear scar on an underlying ball as it looks when seizure 
has occurred, is reproduced in Fig. 7. 

The mean wear-surface diameter has been plotted in Fig. 8 
against load for the same lubricants as in Fig. 6; for con 
venience a double logarithmic diagram has been chosen, as 
then the wear curves may be traced by straight lines. 
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It will be seen that, for each lubricant the wear curve starts 
more or less steeply from the so-called Hertzian line, which 
gives the relation between the diameter of the static indenta 
tion and the load. At higher loads the steepness of the wea 
curve decreases suddenly; the load at which this transition 
occurs is usually 10 to 20 kg higher than the 2.5-sec seizure 
load, and may sometimes be of some importance, namely, in 
cases where the friction peaks caused by seizure are not very 
pronounced and some doubt may arise as to the true 2.5-sec 
seizure load. 

It follows from the foregoing that usually, until seizure 
occurs, the mean specific pressure in the contact surfaces on 
the balls remains constant; this is an important advantage ot 
the test procedure used. 

3. At still higher loads it may occur that seizure does not 
pass into a state of equilibrium, but that the heat produced on 
the surfaces of contact in combination with the high mean 
pressure results in a complete welding together of the four 
balls (Fig. 9). 

The lowest load at which welding has been found during a 
1-min test has been indicated in Fig. 8 by an arrow directed 
vertically upward. 


It will be realized from the foregoing that the seizure delay 
curves are the most important test data. However, as already 
stated, in some particular cases the wear curves are of great 
importance too in clarifying peculiar phenomena. For in 
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Fig. 7- Wear scar, seizure — Magnification 50X 


stance, it has sometimes occurred that commercial hypoid-gear 
lubricants which were known to behave satisfactorily in prac- 
tice gave a seemingly low 2.5-sec seizure load, in fact as low 
as for the undoped mineral base. In those cases, however, it 
has been found invariably that the seizure intensity, as deter 
mined from the wear curve, was relatively low. Only at much 
higher loads did true, that is, intense, seizure occur; of the 
two separate delay curves found (see both curves S$; in Fig. 6 
and compare them with curve S$; in Fig. 8) the one in the 
higher load region has then to be taken into account when 
determining the true 2.5-sec seizure load. 


A similar phenomenon sometimes has been found with 


22> See SAE TRANSA ws, V« 28, December, 1933, pp. 217-223: “‘Load 
Carrying Capacity of Extreme-Pressure Lubricants,” by S \ McKee, 
E. A. Harrington, and T. R. McKee 

11 See General Discussion on Lubrication and Lubricants, Institution of 
Mechanical Engineers, 1937, Vol. 2, py 429-441: “Comparison of the 
Behaviour of Various Extreme-Pressure [Lubricants in Different Testing 
Machines by J. L.. van der Minne 
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these lubricants on the SAE machine, namely, that in some ot 
the tests a fairly low load at failure was recorded in contra 
distinction to loads at failure found in the remainder of the 
tests, which were so high that they could not be explained by 
faulty reproducibility. Further experimentation showed, how 
ever, that, if then a test in which seizure occurred at a low 
load was not stopped but carried on, the scuffing marks on the 
test cups disappeared and the running surfaces actually be 
came quite smooth again, until either true, that is, intense, 
seizure occurred, or the maximum load of 600 lb had been 
reached. 

This peculiar phenomenon may not be readily detectable on 
actual gears owing to the fact that it is of short duration (so 
that not much damage can be done). A likely explanation of 
the phenomenon is that the ETP properties of these particular 
ETP lubricants are not yet fully developed under relatively 
mild conditions, so that they cannot prevent incipient seizure, 
but later, on account of the resultant increase of local tem 
perature, the ETP ingredient becomes active and prevents 
further development of this seizure. Thus there seems to be a 
“gap” between the region where the chief constituent of the 
ETP lubricant, that is, the mineral base, will not yet prevent 


Fig. 9—The heat 
of seizure welded 
the four balls to- 
gether as shown 





seizure and the region where the ETP ingredients are active 
as such. 


Il — Correlation of Test Results 


1. Four-Ball apparatus versus SAE machine and Timken 
machine —- The 2.5-sec seizure load on the Four-Ball appa 
ratus at 1500 rpm has been plotted in Fig. 10 for different 
lubricants, mostly relatively “mild” ETP lubricants, or non 
doped lubricants (for symbols see preceding section), against 
the load at failure on the SAE machine at 1000 rpm, 14.6:1 
rubbing ratio and 83.5 lb per sec loading rate, as well as 
against the O.K.-value on the Timken machine at 800 rpm. 

It will be seen that there is practically no correlation what 
ever. This result was to be expected, as it already had been 
found that the extent of correlation between different ETPL 
testers was not very satisfactory’® 11, if the results obtained 
according to the current test methods were interpreted in 
conventional ways. This lack of correlation may now be ex 
plained by taking into account that, in the SAE and Timken 
machines, the temperature conditions occurring with the con- 
ventional test methods are such that considerable bulk heating 
of the test pieces takes place, which depends on various un 
controlled factors whereas, in the Four-Ball apparatus when 
applying the seizure-delay method, the effect of bulk heating 
is eliminated and the effects of the temperature flash are 
brought out. 

It also may be deduced easily from Fig. 10 that the correla- 
tion between the SAE and the Timken machines is no better. 
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Fig. 10 


Some preliminary tests were carried out on the SAE ma 
chine using the seizure-delay method. Now the results cor 
related better with the results on the Four-Ball apparatus, but 
not yet quite satisfactorily, which may be ascribed to the 
present driving power not being sufficiently high for this pur 
pose, so that the starting-up time was not sufficiently short. 

It is felt that, even if the effects of bulk heating were not 
eliminated in some way or other, many discrepancies found so 
far on the SAE machine might be cleared up by a more pro- 
found knowledge of the local temperatures occurring on the 
test cups; for this purpose a pair of test cups of different steels 
should be used, so as to be able to measure these temperatures 
‘thermo-electrically. A temperature calculation already has 
shown that local temperatures of at least 500 C and higher 
must occur on the SAE machine under certain conditions!. 

2. Hypoid Gears versus Four-Ball Apparatus — Results have 
been obtained from seizure tests on a four-square set-up of 
Chevrolet Master de Luxe 85-hp hypoid gears (type 1937), at 
a speed corresponding to 40 mph on the road. For most lubri- 
cants tested the load was increased each hour by a step of 
13 hp. The lowest load at seizure found for each lubricant 
on the hypoid gears has been plotted in Fig. 11; it should be 
noted that the upper and lower ends of the vertical lines in 
this figure indicate the limits of the load region within which 
the true lowest load at seizure on the hypoid gears must be 
situated and that the vertical arrows refer to those lubricants 
which caused no seizure on the hypoid gears up to the highest 
test loads indicated to which 
subjected. 

The degree of correlation found seems promising; a better 
correlation could hardly have been expected inasmuch as the 
accuracy of the hypoid-gear results is not quite satisfactory 
for the purpose of correlating, especially if compared to the 
accuracy of the results on the Four-Ball apparatus. Attention 
should be paid to the fact that the arrows to be found at the 
right-hand side of the estimated correlation curve do not con 
tradict this contention; the arrows S,-S; refer to oils of which 
no sufficient quantity was available to carry on the tests 
further. 

It may be inferred from Fig. 11 that, from the standpoint 
of “protection against seizure,” only <hose lubricants were 
satisfactory on the hypoid gears under the above-mentioned 


these lubricants have been 
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conditions that showed a 2.5-sec seizure load on the Four-Ball 
apparatus higher than 140-150 kg. 

In all hypoid-gear tests described in this paper, the temper- 
ature of the oil bath was kept constant (at 95-100 C); whereas, 
for measuring the protection against seizure on ETPL testers, 
it is more convenient to eliminate the eflects ot a variable 
bulk temperature (for instance by means of the seizure-delay 
method); on gears artificial control of the temperature seems 
to be more rational. It is true that in automotive gear practice 
the bulk temperature is variable, but it depends so much on 
operating conditions (climate, duration of run, sustained 
speed) that only in exceptional cases would the lubricant 
itself be to blame for so excessive a bulk temperature as to be 
the main cause of seizure; hence, it would appear logical 
enough to avoid somehow all effects due to a variable bulk 
temperature, that is, by eliminating them on ETPL testers or 
by controlling the bulk temperature (in tests on gears). 

3. Hypoid Gears versus SAE and Timken Machines — The 
extent of correlation between the lowest seizure load on the 
hypoid gears and the load at failure on the SAE machine at 
1000 rpm; 14.6:1 rubbing ratio; and 83.5 lb per sec loading 
rate may be judged from Fig. 12. 

This is quite a different picture than that of Fig. 11; it 
will be seen that, practically speaking, there is no correlation. 
As to differentiation between the lubricants in so tar as this 
is of importance in practice whereas, on the Four-Ball appa 
ratus the differentiation only becomes less for the more power 
ful ETP lubricants, on the SAE machine it is even unsatis 
factory for the obviously milder ETP lubricants. 

As to the question whether the limit of 550 lb for ETP 
lubricants on the SAE machine is a satisfactory criterion to 
judge the suitability of the oil as a hypoid-gear lubricant (see 
General Motors’ specifications GM 4654 M & 4655 M for 
powerful hypoid-gear lubricants, issued July 2, 1937), the fol 
lowing may be said: 

All lubricants so far tested by us which showed loads at 
failure higher than 550 lb did not give rise to seizure on the 
hypoid gears up to the highest load applied. (These lubri 
cants are not shown in Fig. 12.) Therefore, these cases do not 
contradict the widespread opinion that the SAE machine does 
in fact provide a true answer to the above-mentioned ques 
tion; however, this statement only holds good as far as “go” 
is concerned, as there are indications, though as yet vague, to 
support the view that there may be lubricants which do not 
withstand 550 lb on the SAE machine, but which may never 
theless be suitable as hypoid-gear lubricants. (Compare lubri 
cants Py, S;-S;, indicated by arrows in Fig. 12.) Anyway, for 
powerful hypoid-gear lubricants, no differentiation is possible 
according to the normal criterion on the SAE machine, as 
they will be rated only as all having a load at failure higher 
than 550 lb. 

It may be deduced easily from Figs. 10 and 11 that the 
correlation between the OK value on the Timken machine at 
800 rpm and the lowest seizure load on the hypoid gears is 
even worse than that found between SAE machine and hypoid 
gears. 

It will now be apparent from the foregoing why, at the 
present stage, the Four-Ball apparatus, if the test methods 
described previously are applied, is to be preferred to other 
ETPL testers. Its main inherent advantages may be recapitu 
lated as follows: 

1. The test results, if interpreted in the ways just described, 
have a direct bearing on the practice of ETP gear lubrication. 

2. ETP lubricants that are even much more powerful than 
the hypoid-gear lubricants commercially available at present, 
can be rated too. 


3. The reproducibility is very satisfactory; this result may 
be ascribed to the test pieces being mounted in a reliable way 
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(no slipping) and being seli-centering owing to the tour-ball 
principle. This explains why, for any given test lubricant, the 
results given by all Four-Ball apparatuses throughout the 
world are equal and independent of test date and operator. 

4. The test pieces, that is, Y2-in. steel SKF balls of normal 
ball-bearing quality, are inexpensive and are commercially 
available in a constant and nearly perfect quality. 

5- Only a small quantity of the test lubricant is required tor 
a complete series of tests (100 cm* will do in most cases); this 
consideration is of outstanding value for research work. 

The starting-up time being very short and the specif 
piessure remaining extremely high up to seizure, the phenom 
ena to be studied cannot be obscured by conditions differing 
from ETP lubrication conditions. 


Appendix 
Theoretical Considerations 


Before proceeding to the theoretical considerations under 
lying the seizure-delay method, a general account of the tem 
perature phenomena on the Four-Ball apparatus will be given. 
From this account it will be deduced that the standard test 
procedure on this apparatus affords a determination of the 
protection against seizure. As to the technique of measure 
ment of the temperatures, suffice it to say here that it is as yet 
unsuitable for routine testing; in principle it amounts to using 
the balls themselves as a thermocouple, which makes it neces 
sary for them to be made of different materials. 


1 —- Temperature Phenomena on Apparatus 


On the Four-Ball apparatus a mean temperature rise, ¢, will 
be caused by frictional heat in each of the three mating pairs 
of surfaces of rubbing contact between the balls. As, thanks 
to the four-ball principle, the load is distributed evenly over 
the three underlying balls, only two surfaces of contact consti 
tuting a mating pair need be considered here. 

Part of the total frictional heat, H (in Btu per sec), devel 
oped between such a pair of surfaces will penetrate into the 
upper ball, whilst the remainder will flow into the underlying 
ball. In calculating these two parts of H, it may be assumed 
that nowhere is there a temperature jump between the mating 
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surfaces of contact; this assumption seems to be sufficiently 
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Fig. 12 


justihed, as any film of lubricant between the surfaces must 


be very thin under the enormous pressures. An experimental 
determination of these two parts of H might be carried out 
calorimetrically. 

The total heat, H, will be dependent on the triction co 
efhcient f, on the total load O (lb), which is kept constant 
during each test, and on the sliding speed V (fps) which, 
after the starting-up time, also remains constant as the driving 
electric motor has sufficient power to be hardly affected by 
normal friction fluctuations. 

The total mean local temperature rise ¢ above the ambient 
temperature #9 may be considered physically to consist of two 
parts: t; and fy respectively (so that ¢ = t; + t2). The physi 
cal meaning of ft; and ft, will become apparent from the 
following: 

1. Part t;, the predominating part of the total mean local 
temperature rise, may be considered as the temperature that 
would exist if the bodies (balls and adjacent parts) into which 
the heat penetrates possessed an infinite heat capacity. This 
temperature rise (temperature flash) is confined to the imme- 
diate neighborhood of the surfaces of contact. It establishes 
itself very quickly and moreover adapts itself equally quickly, 
that is, within a few thousandths of a second, to changes in 
the factors that influence it; therefore, the time factor itself 
may be, and consequently has been, explicitly excluded from 
the following expression, Equation (1). With the only proviso 
being that the surfaces of contact remain circular (diameter 
d), this expression gives the momentary value of #; as the 
product of the momentary coefficient of friction f and of a 
definite function ¢ of the total load O and of the momentary 
values of the sliding speed V and of the diameter d: 

t = ¢(Q,V.d) (1 

Thus, time enters this expression only implicitly. The 
function ¢ has been calculated; its nature will not be indi- 
cated further as this is not necessary for the conclusions still 
to be derived from the expression of Equation (1). 

Now it has been found earlier in this paper that invariably 
during the first few seconds of the test, as long as seizure does 
not occur, d will remain constant and equal to the diameter 
of the initial static indentation caused by the load OQ, and will, 
therefore, depend on QO only (see Hertzian line in Fig. 8). 


Furthermore, after the 


starting-up time, which lasts a few 
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Fig. 13 


tenths of a second only, V is constant too; hence, during the 
first few seconds after the starting-up time, up to seizure, 4 
will be a function Y of the test load O applied, multiplied by 
the momentary value of f, that is: 


i =fy(Q 2 
The following expression Equation (3), which is needed 
later on, may be deduced immediately from Equation (2): 


ty 


=y(Q 3 


f 


4 


2. Part t of the total mean local temperature rise is merely 
a correction to be added to 4), in order to make up for the fact 
that the heat capacity of the bodies (balls and adjacent parts ) 
may not be regarded as infinite. Thus part fj (the bulk tem 
perature) will represent the gradual and fairly even increase 
of the temperature of each ball as a whole, as against the 
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extremely rapid temperature rise ¢;, which is localized in and 
near the surface of contact; a final value of ty will be estab 
lished only tairly slowly, as compared with £;, and therefore 
t. will not have reached its final value even at the end of the 
standard 1-min tests. 

At all events, during the first few seconds after the starting 
up time, fy is still so small in comparison with f; that it may 
be neglected for the purpose in view. 

For the sake of clearness the total mean local temperature 
t % ty + t, + ft, common to a mating pair of surtaces of 
contact is represented schematically for different loads in Fig. 
13 as a function of time up to seizure during the 1-min tests, 
assuming the friction coefhicient to have a definite and con 
stant value up to incipient seizure. 

Now it is immediately apparent from Fig. 13 that, at low 
loads, it will take much longer before a definite temperature 
has been reached than at high loads. If this temperature hap 
pens to be the characteristic “temperature at seizure, T,” for 
the particular combination of test lubricant and the steel balls 
used (which temperature is supposed to be constant as dis 
cussed early in this paper) then, for each load the time elaps 
ing trom the start of test to incipient seizure, the so-called 
“seizure delay,” may be read off from Fig. 13. In this way, 
Fig. 14 may be found, which gives the seizure delays as a 
function of load OQ. 

It may be mentioned here that a family of seizure-delay 
versus load curves covering a large region of loads has been 
calculated for different coefficients of friction and that their 
trend has been confirmed by the experiments (for experi 
mental curves see Fig. 6); this result affords another indica 
tion of the correctness of the “constant-temperature-at-seizure” 
hypothesis. It will be apparent that by their nature the 
scizure-delay curves represent isotherms. 

The question now arises how the knowledge set forth in 
the preceding may be applied to the practical purposes of 
classifying ETP lubricants and of affording data for gear 
design purposes. Therefore, it will be shown how these two 
problems may be solved; it will be found that there is even a 
common solution to these problems, namely, the determina 
tion of the so-called “protection against seizure.” 


2 —-“Protection Against Seizure” 
In determining “protection against seizure,’ it should bx 


known what is the temperature at seizure 7, and what is the 
chance of it being reached. It already has been explained that, 
on actual gears, the temperature flash occurring on a tooth 
face may be considered to be superimposed on the mass tem 
perature T',,, that is, the bulk temperature of the gear wheels; 
it will be noted that, in this respect, there is some analogy to 
the temperature phenomena on ETPL testers. It will be seen 
easily that the chance of seizure occurring (that is, the pro 
tection against seizure) as influenced by the lubricant will b 
determined: 

a. By the temperature interval T, vie 

b. By the coefficient of friction f, before seizure, as it con 
trols the rate at which this temperature interval will be gone 
through. 

Thus a proportional measure S of the protection against 
seizure will be given by the following expression, Equa 
tion (4): 

; Te in i i / 
o« ; a f 
tt f 

The higher the value of S, the higher will be the protection 
against seizure. It will be evident that, with increasing bulk 
temperature T,,, S will decrease; if T,, is equal to or higher 
than T,, there will be no protection at all against seizure (S 
being nil or negative). 


(Concluded on page 220) 
































What About the Engine? 


By Alex Taub 


Vauxhall Motors, Ltd. 


R. TAUB predicts that the time for intensive 
work on the fuel-economy problem, such as 
has been done recently in England, is near at 
hand because of the imminence of increased fuel 
taxation. Tank mileage. he explains, depends on 
the ability of an engine to utilize lean mixtures 
not just lean mixture from the carburetor, but 
modification of an engine to burn these lean mix- 
tures without interference with flexibility or per- 
formance in any way. A study of what happens 
in the combustion chamber is cited as the major 
opportunity for engineering improvement in the 
ability to burn lean mixtures. 


In his discussion of his work at Vauxhall Mo- 
tors. Mr. Taub considers wide gaps and their ef- 
fect on ignition lag, long-reach spark plugs. tappet 
adjustment. effect of higher compression ratios. 
variation per cycle, detonation, and means of fore- 
casting combustion roughness. Volume distribu- 
tion through plaster-cast technique is compared 
with other methods — symbolism is contrasted with 
theoretical thermodynamics. 


HAT about the engine? What are we going to do 


about it? Is it going to stay as is; if so, for how 
long? Is it going to stay where it is, or will it be 


shitted about on the thought waves of the stylist? 

The engine today is the result of experience with it and of 
our efforts to make it better. There obviously is much room 
for improvement in form and position. In fact, it has become 
sharply necessary to improve it as now located and in its 
present form. 

The stylist is partially to blame. Of course, it is no business 
of the engine designer to complain. It seems that his engine 
is just a necessary evil and has little to do with the picture as 
a whole. The entire business of styling reflects this attitude. 

There was a time when cars equipped with L-head en 
gines, after being hoisted and removing a wheel, using asbes 
tos gloves and manipulating three wrenches, could be given a 
tappet adjustment. Today and henceforth we must get along 
without tappet adjustment and design and build engines that 
require very little attention of any kind. We fast are ap 
proaching the point where we must dismantle the entire 
front-end tin wear should we require such simple tuning as 
a spark adjustment. 


_ [This paper was presented at the Detroit Section Meeting of the Society 
Detroit. Mich., Dec. 5, 1938.1 
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Since we still must fit engines to our cars and, further, since 
the stylist will go on wrapping more and more tin lace around 
our cars, we are forced to consider our engines from the 
standpoint of fixed adjustments. Can we do it? 

We shall present later a few facts for the general contusion 
of all. Meanwhile, what about the question of where the 
engine should hide out to escape further encroachment of the 
stylist? Will it be at the rear? Personally | do sot think so. 
Every effort so far has been unacceptable, and today such few 
as have fought for it have given up. Perhaps, after all, they 
may see their efforts rewarded, not because the rear engine is 
desirable, but because it will be impossible to leave the engine 
in front. 

You can do a good individual job of rear-engine drive but, 
for large volume, it represents a considerable development 
problem from the standpoint of mountings and cooling at a 
price. This condition is particularly so if weighed against any 
possible engineering advantages. 


Problems of Front-Wheel Drive 


It is the same with front-wheel drive, against which a storm 
of engineering protest always is raised. Citroen has produced 
this type in fairly large numbers in the French low-price 
class. Again we may have to solve the various problems in 
volved in this type of drive, not because of engineering advan 
tages but because of styling advantages. Styling advantages 
have rules of their own. A management will step up to a 
wheelbase increase and staggering tool costs for a projected 
style advantage and give us, for powerplant advantage, a 
friendly pat on the shoulder and advise us that we need a rest 
of some kind, or send us back to work to squeeze the power 
plant into less and less space. 

So far we have “got by” because styling to date has given 
insufficient consideration to vision, frame sag on washboard 
When these creators realize that our 
latest cars do not compare favorably with European cars for 
visibility through the front end for the operator, roadability 
on narrow winding lanes, or wind noise, they may decide 


roads, and wind noise. 


suddenly to do something about it; and whatever they may 
do will leave less room in some respect for the engine. 

Does this mean a reconsideration of engine type? Will, for 
instance, the 4-cyl engine come back? After the loud “No!” 
has subsided, we hear a quiet voice asking, “Why not?” 
Having helped to banish the breed here-and now being 
blessed with the job of nurse to these over-animated engines 
in England, T still join in the loud voice of “No!” 
United States. 


In favor of the 4-cyl engine, you have a 20‘ 


for the 


© saving in 
weight although this saving only means an 8% saving in cost. 
You have 5 to 8% possible increase in bmep, although this 
increase seldom is realized and you may, if properly exploited, 
obtain a 20% saving in fuel. 

These no mean advantages: yet. America with the 


are mn 
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full-sized engines and cheap fuel, they will dwart in compari 
son with the problems of quieting, or general “house-break- 
ing” of this type of engine. 

With modern styling the free mounted 4-cyl engine of 
yesterday would have to be lassoed and tied somewhere within 
its bathtub of tin before you could adjust it. 

However, the engine is being pushed farther and tarther 
over the front-wheel center. The bottom of the oil pan is 
getting closer and closer to the swinging connecting rods. 
Sump capacity and the cooling of the contents will become a 
problem. 

The V-8 engine certainly will come in for more consider 
ation. 

The flat engine will come into the experimental picture 
because the flat 6-3 per side — does offer engineering oppor- 
tunity, unless frames are narrowed to a point where the en- 
gine cannot rest. Flat engines will be below the fender skirt 
and would have to be approached through doors in these 
skirts. 

Cars are lower and thus have inspired many worth-while 
innovations such as the hypoid axle with its silent durability. 
Engines cannot be lowered, so they are tilted, and new in- 
geniousness is displayed in hopefully attempting to keep all 
of the fuel out of the rear cylinders. But the cars look lower. 
Surely the really remarkable ingenuity of our stylist could be 
used to extend utility, rather than futility. The sky is becom- 
ing more visible through our motor cars. But we want to see 
the road; we want to see our fenders and where they are 
relative to other vehicles. 

I recently rushed to the American section of the Earl’s 
Court Motor Show in London; I rushed in optimistically and 
staggered out mistioptically. Not a single mechanical advan- 
tage is offered for sale or even mentioned by the attendants, 
not that they do not exist, but you are expected to buy on 
appearance only. We know that, important as appearance is 
in arousing the possessive instinct, it is the mechanical advan 


tages that keep a man sold and keep him talking favorably to 
his neighbors. 
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Fig. |-The improvement in overall fuel consumption shown 
for a {0-hp engine is indicative of that made for all sizes of 
engines 


The transmission has disappeared, leaving a trail at the 
steering gear. The engine is now lost in the depths of its 
artistic surroundings and, in some cases, defying anything 
short of a Caesarean operation to find it. Yet there is much 
to do on it, for it, and with it. 

In Europe, where the virus of styling has penetrated, we 
must deal with the 4-cyl engine. I doubt very much if a single 
manufacturer would dare to abuse the get-at ability of his 
motor car. The public would protest because it attempts 
many of its own adjustments. The driving public in England 
knows that engines do lose their tune and edge and, because 
of the cost of having work done and the low general incomes, 
they do what they can for themselves and, I might say, do 
surprisingly well. 

Dealers in England have extraordinary powers in the matter 
of controlling designs. We as designers may do whatever we 
wish, but they do not have to sell our product. A majority of 
dealers sell at least four makers’ products, and each retailer 
sells what suits him best to sell. No dealer is going to spend 
his own money or too much effort to sell your product if he 
has on hand other competitive makes that, in some particular 
instances, from his or some customer’s viewpoint, is thought 
to be better. 

Last year we brought out a new line of 1o-hp cars. Being 
absolutely new, many dealers viewed them with suspicion. A 
survey brought home to us that, in some cases, the dealers 
actually suggested that, because of its newness, the customer 
had better buy something else. This attitude must have an 
important effect on the general design, and certainly on styling 
because, aside from engineering advantages, it is the only 
possible styling that can be accepted. This is probably the 
underlying reason why the English motor car looks out of 
date to Americans. 


Engine Accessibility Necessary 


Is it necessary to have accessibility for the engine? We 
think it is, unless we are certain that the engine does not and 
will not require any attention for long periods — about 25,000 
miles. 

Have the present engines arrived at this stage? 
think so. 

However, what about the engine? 


I do not 


What are we going to 
do with it? How will it progress? The only progress worth 
having is that which passes on to the public some distinct 
benefit. 

Obviously a distinct benefit would be an engine that did 
not require attention for the maximum number of miles per 
year, say, 25,000 miles. 

Lubricants and lubrication principles must be the same the 
year around. Is it possible? We think it is. 
be good for something better than 8000 miles. 

Spark plugs must be guaranteed for the full route. Tappet 
adjustments must be eliminated entirely. Spark adjustment 
must be still more automatic. We must either go back to dash 
adjustment or provide thermostatic spark adjustment to suit 
changing under-hood temperature, or some ingenious devil 
will have to develop a distributor which can adjust itself to 
borderline detonation. This latter device would cover temper 
ature, carbon accumulation, and fuel difference. 

A new deal is required for general gasketing of engines to 
eliminate oil leaks since this is one of the most common ser 
vice items, although it is not quite as bad as electrical service 
requirements. It is not enough to consider the fool-proofing 
of engines as of today. We must be able to increase our power 
outputs and still make service-free engines. 

All designing engineers have at their disposal service-item 
lists and thus must be aware of the size of the job. 

However, the severity of our remarks may be in bad taste 


Oil filters must 
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for a visitor. We should perhaps confine ourselves to the 
business of the engine and attempt some sort of contribution. 

Well, there is nothing like throwing a brick through a 
window to create attention, so here goes! 

I believe that we all shall have to do much better on tuel 
consumption than we are doing today. Perhaps our perspec 
tive on fuel and oil consumption is supersensitive from having 
worked and lived in Europe for two years. 
of the world today are seeking more and more revenues. 
There appears to be nothing to tax that does not fall as a 
burden on the small income. The automobile industry has of 
necessity paid its share into the treasury. Today in France 
the fuel tax is large enough to eliminate a license tax. In 
England, in spite of the horsepower tax (Chevrolet, Ford, 
Plymouth paying around $120 a year license tax), a tax on 
gasoline of 16¢ per gal prevails. A fuel tax exists in a lesser 
degree all over the world. 


The governments 


Fuel Taxation and Economy 


Government officials in countries where a heavy tax on tuel 
exists have maintained that this is a fair tax because it will 
challenge ingenuity, and that the cost of individual operation 
will not be increased due to the increased miles per gallon 
that engineers will build into their cars. 

The law of diminishing returns does not come into the 
picture just so long as more and more cars go into use and 
the old ones keep going. That engineers can respond to this 
tax was proved this year in England. The entire British, 
motor-car industry went after the fuel-consumption problem 
I feel it fair to state that Vauxhall 
started this work in the 1937-1938 season. 


for the 1938-1939 season. 
The average fuel 
consumption in England has changed roughly as follows (im 
perial gallons): 


4-cyl 10-hp cars 
4-cyl 12-hp cars 
6-cyl 14-hp cars 
6-cyl 25-hp cars 


1938-1939 — 42 mpg 
1938-1939 — 38 mpg 
1938-1939 — 32 mpg 
1938-1939 — 22 mpg 


19360-1937 — 32 mpg 
1936-1937 — 27 mpg 
1936-1937 — 24 mpg 
1936-1937 — 18 mpg 


This is an improvement of from 20 to 30‘ 

The necessity for this type of work in the United States up 
tc the present has not been keen. We sadly predict that it is 
near at hand. It must be so, because the gentlemen in the 
Treasury Department are extremely observant and will recog 
nize the fact that American ingenuity in fuel exploitation has 
not even begun and that, when it does, it will, as usual, 
lead the world. Knowing this condition, I perhaps should 
hesitate to talk to you on matters affecting fuel consumption. 
I have an ulterior motive. I feel that, if I step forward boldly 
and tell my sources of education what they ought to do, | 
shall be told wherein I am wrong or I shall have a large 
assortment of interesting bricks thrown at my head. I can 
promise you that, after the brick shower, I shall go among the 
bricks examining each carefully and use what I can to build 
into the structure I am working on. 

We have burst several times into print and lectured on 
miles per gallon through the SAE and the IAE. 

We have stated our belief that tank mileage depends on our 
ability to utilize lean mixtures. This statement does not mean 
just lean mixture from the carburetor —but modification of 
our engine to burn these lean mixtures without interference 
with flexibility or performance in any way. 

The major opportunity for engineering improvement in our 
ability to burn lean mixtures is in the study of what happens 
in the combustion chamber. I still maintain that the shape as 
such is unimportant unless that shape shall create hot-spots, 
exhaust-poisoned pockets, or too high a_ surface-to-volume 
ratio during the first two-thirds of the burn. 
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In our recent work we have exploited reduction ot trapped 
exhaust by timing and lowered back pressure, used wide-gap 
spark plugs and improved coils, corrected distribution trom 
the carburetor proper and through the manifolds, utilized 
vacuum spark advance, 
reach spark plugs. 


high compression ratio, and long 

All of the foregoing are in general use except the long-reach 
spark plug which, for the time being, is not thoroughly house 
broken. 

Fig. 1 gives a picture of the overall fuel consumption im 
provement between 1936 and the present. Experience indi 
cates that the improvement thus obtained is available to some 
degree to all sizes of engines. 

In America these items affecting miles per gallon are not 
exploited to the fullest. Usually the engineer in charge will 
prove that they have little effect. The usual method is as 
follows: Take the wide gaps on the plugs. A test engineer 
will open the gaps and run a comparative test and usually 
report very little gain in economy with a possible loss in per 
formance at low-speed full throttle which will be correct but, 
in order to get the improvement, a recalibration of the car 
buretor and distributor is required and certainly a_ possible 
modification of the coil. 

Poor distribution at low speeds makes the use of wide gaps 
difficult. Fig. 2 gives mixture distribution variation before 
and after correction. With these corrections, missing with 
wide gaps disappears and, of course, the job feels much more 
lively and leaner mixtures are possible. Wide gaps, correct 
coil, distribution, advance curve —all are important, but their 
proper application is not possible until we understand the 
variations that creep into the ignition picture. 

Why should wide gaps make any difference in operation? 


MIXTURE DISTRIBUTION 
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Fig. 2-Mixture distribution variation at various speeds is 
shown before and after correction 
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Fig. 3-—The long-reach spark plug is good for 8% increase in 
economy, requires less spark advance, and "feels" better on 
the road than a standard plug 


It gradually is becoming rather plain that ignition lag is the 
principal factor, and gaps affect the lag. 

Ignition lag controls the engine demand for spark advance. 
This lag varies with speed, but not in uniform progression. 
Lag goes up as more exhaust gas is present in the ignition 
area. Wide gaps shorten lag in some way. Hotter spark plugs 
shorten the lag; this is the reason why the hot plug gives 
better mileage and requires less advance than a cooler one. 
Higher mixture temperature likewise gives better mileage and 
requires less advance. 

We have not been able to use the optimum over-advance for 
part throttle because of part-throttle detonation during accel- 
eration. Sluggish distributor action is partially to blame, but 
so is the fact that the spark advance demanded by the engine 
is much less during acceleration than at steady running. 

We mentioned previously long-reach spark plugs. Fig. 3 
gives a comparison of normal spark plugs and a special Vaux 
hall plug. The special plug is good for 8% increase in econ- 
omy and, though showing only a slight gain at full-throttle 
power, it “feels” considerably better on the road. This plug, 
however, requires 6 deg less spark advance than a normal 
warm plug. This change in advance has been indicated on 
four types of engines. Thus we are sure that it is fairly 
universal. 

You see how easily one might install these plugs in an 
engine and condemn them; yet they are important because 
anything that will affect ignition lag can be made to work to 
our.advantage. While we are on this subject of ignition lag, 
we recently ran into a case where a wide variation was found 
between cars of a certain model. One would do well on a test 
hill, and one would not. The two engines were run for 
power, and a broad variation in spark advance was found as 
shown in Fig. 4. This variation was more than one dis- 
tributor curve could cope with. After the usual floundering, 
we found that setting the tappets to a uniform manifold 
vacuum straightened out this difficulty. 
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To me it is obvious that the tappet adjustment by service 
station or owners must be eliminated by the use of self- 
adjusting tappets. Our performance will then be in propor- 
tion to our ability to make accurate camshafts — and who says 
we can't? 

We must add at this point that most of our work has been 
done on engines with a compression ratio of 6.75:1 to 7.25:1. 
Unquestionably, we must expect difficulties with the ignition 
system with these high compressions. The spark advance is 
shorter and, when ignition has been made as good as possible, 
it is very short. It is interesting to note here that, when 
advance is shortened by corrections for change in lag such as 
valve lash, spark-plug position and gap, that the shorter ad 
vance does not create combustion roughness. 

Ne believe that this study of ignition lag is a valuable 
avenue of approach to engine improvement. There are others, 
of course; for instance, the variation per cycle. We, as well as 
many others, are dealing with indicator cards, and frankly 
state that this variation between cycles makes time-pressure 
cards useless for any type of comparative work - 
another story. 


but that is 
What we wish to point out here is that, when 
we are able to cut down this variation making the character 
istics of engine cycle uniform, we shall make a tremendous 
stride forward. Investigations as to the why of the variation 
must go forward. At Vauxhall we have this job in hand but, 
with us, it is another job on our very crowded plate, 
cannot get the treatment that it requires. 

Ignition lag obviously is part of this variation, but there is 
more to it and I am hoping that some of my friends will get 
interested. 


and it 


Higher 


Compression Ratios 


We mentioned compression ratio tor better fuel consump 
tion. We are using 7:1 with 7o-octane fuel with full advance. 
We have 7.25:1 ready to shoot. 

Detonation and combustion roughness are the ever-present 
hazards of high compression. The detonation problem has 
been handled jointly by the fuel expert and the engine de- 
signer. I recently have had the opportunity of studying first 
hand engines capable of operating at 12:1 with very ordinary 
fuel around 65 octane number. There is not the slightest 
doubt about certain rotary-valve engines being able to operat 
at these ratios without detonation. One of these engines was 
tested recently in comparison with a hopped-up motorcycle 
engine using a general aviation design of head and valves and 
an equally high compression ratio with doped fuel to control 
detonation. The conventional engine with doped fuel showed 
better power, to the disappointment of all. It should show 
better power. The rotary-valve engine using ordinary fuel 
controls detonation by heat absorption and, if you absorb heat, 
you must show less power. The loss is not high but must be 
there. The important thing is that you could get 160 to r8o 
lb per sq in. bmep with ordinary fuel with the 


rotary-valve 
engine. 


On the other hand, we must bear in mind that, 
where intercooling within the engine is depended upon to 
control detonation, the control will be subject to fluctuation as 
the condition of the engine changes. We are certain that the 
doped-fuel approach may be less of a variable with engine 
condition, at least we say that it had better have this advan 
tage or we will not get far. 

Since high compression ratio is so important for future 
progress re gardless of type of engine, we are forced to main 
tain an intensive study of combustion and the chamber. Like 
many other human activities, our viewpoint on combustion 
chamber knowledge goes through cycles of optimism and 
pessimism. We are optimistic when we are able to see the 
road on which we travel. There are many travelers on the 


highway of combustion investigation -some high powered, 
others very humble, such as myself. The high-powered gentry 
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may know where they are going, but the scintillating bril- 
liance of their approach—like oncoming full headlights 
blacks out the road for the more modest and less dashing 
travelers. 

Combustion shock or roughness is one tundamental that the 
designing engineer must take care of in his designs. Fuel 
manipulation so far has offered nothing. 

I have endeavored for years to understand the business ot 
offsetting roughness and have worked persistently toward a 
reasonable technique for roughness control by the design. 

We believe that any worth-while technique must include a 
means of forecasting roughness. In 15 years even the blind 
can become useful and, in this span of years, | have learned 
one thing and that is that forecasting roughness can be don 
as accurately as several other items that likewise are fore 
cast — although quite often unconsciously. 

Mixture distribution by manifold and carburetor design 1s 
a forecast. Engine designers know how close their designs 
carry out their ambitions. 

Anti-detonating ability is likewise a forecast since we design 
for a result and sometimes hit the line. We never know ex 
actly. We merely follow along certain lines hopefully, know 
ing that many things such as coring of heads, hot pistons, 
bad water distribution, may enter the picture and require 
correction. 


Forecasting Roughness 


It is so with forecasting combustion roughness; we have a 
and this ts 
we have never forecast a smooth head and found 
it rough. We have assumed that a certain head would not be 
smooth, and it turned out better than expected. 


method. True, it is only a rough forecast, but 
important 


When forecasting for roughness we are forced to make a 
few assumptions. These assumptions do not violate thermo 
dynamics. Unfortunately much of our scientific fireworks are 
with us because we feel that we must reduce all values to 
some standard unit of measurement. 

In these conversions are perpetrated the crimes against 
lucidity for the ordinary designer. We are not offering any 
apology to, or for, thermodynamics and its proponents — they 
do not need it—they have done nobly by humanity. I main 
tain that today we can progress by symbolism as well as by 
theoretical thermodynamics. Our method is based upon the 
works of great exponents of thermodynamics, and we are 
grateful to them — but we plead with them for tolerance for 
those of us who must produce a result—even by rule of 
plaster. We, as you know, have been using plaster casts as a 
means of forecasting combustion roughness. 

Recently objections to this method have rumbled in various 
halls. Nothing is offered to take its place as a forecast, but we 
are invited to determine on roughness by indicator card. Ob 
viously indicator-card analysis comes after the fact, and we 
may not always have the opportunity of carrying out a long 
program. 

Let me give you an instance, We recently introduced a 10 
hp job that went over very well from the performance and 
miles-per-gallon point of view. It was a bit rough. Any job 
with an output such as 121 lb per sq in. bmep on the dyna 
mometer starts life with a strike against it in regard to 
smoothness. . 

It was decided to introduce a 12-hp job which included a 
larger bore. Compared to most competing cars, the shaft was 
fine. Time and tools made it necessary to use the 10-hp job as 
a baseline. The completed 12-hp engines were found uncom 
mercial from a roughness standpoint. We satisfied ourselves 
that the most objectionable portion of the roughness was com 


1See SAFE Transactions, Vol. 30, April, 1935, pp. 159-162. 
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bustion roughness. The chamber in use was a type developed 
for anti-detonation and had been used by us on small 6-cy! 
engines up to 110 lb per sq in. bmep. Plaster-cast analysis of 
the chamber was made. 

In order to understand better the procedure of forecasting 
combustion roughness by the plaster-cast method, we refer 
you to the author’s treatment of this process as given in the 
discussion of a paper given by C. C. Minter on volume distri 
bution.! Later in this paper we explain the evaluation of 
roughness. 

Fig. 5 shows a diagrammatic section through the head and 

graph of the results. The roughness value of this job 
was bad. 

Taking a leaf out of the Buick book, we proceeded to 
modify the piston head to give better results. Fig. 6 is an 
intermediate stage showing some improvement, but not 
enough. This design would be all right if the width of the 
chamber was less. Fig. 7 shows the design of combustion 
chamber accepted by us and now in production. Judging 
trom the engineering comment —in England there is a lot of 
head-scratching going on — this design places the volume dis 
tribution in the correct geometric relation to the spark plug, 
and permitted us to go from a non-commercial result to a very 
smooth job. 

There were, of course, the usual mounting considerations to 
eliminate 4-cyl out of balance. However, that problem is not 
difficult today with the present understanding of engine move 
ments. A loud resounding bump is a different matter. 

This job makes an interesting comparison. We find a job 
too rough for commercial production. We analyze the com 
parative roughness and find a value of over 200. We modify 
the chamber by plaster-cast technique. We forecast a rough 
ness value in K units of less than 80. The engine was built in 
accordance with the plaster forecast and cars checked together. 

At 6.4:1 compression ratio the old flat-top piston job, 


mounted the best we could, was a discouraging bumper and 
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Fig. 4—This broad variation in spark advance between two 
similar engines was corrected by setting the tappets to a 
uniform manifold vacuum 
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Fig. 5 — Diagrammatic section through the head and a graph 
of the results of the analysis of a rough job are illustrated 


the controlled flame front job at 7.1:1 was pronounced smooth 
and pleasant, inspiring the usual adjective about 4’s and 6's 
so reminiscent of 1932. No time was lost in arriving at a 
result, thanks to the plaster forecast. From the workings of 
the past 15 years, it is an easy matter to bring forward many 
instances of corroboration that the plaster-cast method of fore 
casting combustion roughness is a great deal more than merely 
a small effort in the right direction. 

The principles involved in the use of the plaster cast are 
based on the work of R. N. Janeway on volume distribution 
some years ago. The plaster cast is molded from the proposed 
or existing clearance space of the engine. We 
important fundamentals. 

1. The flame front burns as a sphere. 

2. That we may assume the piston stationary at top dead 
center throughout the burn. 

With these fundamental assumptions — borrowed trom Jane 
way 10 years ago — we have been able to forecast combustion 
roughness for practical use by developing: 

1. A machine for cutting spherically. 

A routine for logging the results. 
An evaluation of the results. 

Objections have been made, however, 
mental assumptions. 

The movement of the flame front as a sphere is criticized. 
In Germany in 1932 stroboscopic photographs indicated that 
the flame front moved across the chamber in a shape more 
like the top of an egg, maybe it does. More recently motion 
pictures of a type of combustion chamber have been made 


assume two 


against both funda 


S.A.E. JOURNAL 












































| | 
40 50 60 10 80 90 100 


Flame Travel, per cent 


Fig. 6—Section through the head and results of analysis of 
a job that showed some improvement over that of Fig. 5 


indicating a ragged flame front. In both instances only the 
luminous portion of the flame front have been recorded, and 
we are only interested in the pressure line of the flame front 
for combustion roughness. 

By “pressure line,’ which is a misnomer, we mean the 
flame-front line - which line is used for projecting the pos- 
sible pressure existing at the time throughout the chamber as 
indicated by the position of the flame front. 

The luminous portion of the flame front may reflect a flame 
front wherein the bottom in plan view is considerably out of 
line with the top in that view and therefore ceases to be a line. 
Stroboscopically their top and bottom edge may upset the 
image reflected through a camera lens. This consideration 
applies to a less degree to direct photography. 

We freely recognize the possible variation against the ideal 
that will exist in an engine. These interferences are no more 
important than many other accepted variations from the ideal 
for other considerations. 

We still forecast bearing life without worrying about the 
fact that none of the calculations means anything until the 
oiling system is worked out and the temperature is known. 
Lubrication and temperature vary in similarly designed 
gines because the crankcase will not stand still. 


Plaster-Cast Method 


It is so with the plaster cast. 
is theoretically accurate. First, 


Accurate 


In two important instances it 
it allows analysis to be made 


without ignition lag, which is a variable that must be dis 
counted before any value of the pressure rise can be estimated. 
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job that proved acceptable for production 


The plaster-cast technique starts at the initial pressure-rise 
point, not the ignition point. Second, the plaster-cast tech- 
nique, which moves a theoretical flame front as a sphere, 





[Utattttild ‘ Jee . : 
represents the true availability of the mixture to be burnt and 
thus represents the ideal, although seldom attained. 

If, due to causes understood or not, the flame front is inter 
fered with, the progress will be slower, not faster, and thus 
~ he spherical flame ill show worse than actual, whicl 
ce the spherical flame front will show worse than actual, which 








(ha Li LLLLLLLLLLELLLLL is the proper side of the ledger to have your variation. Varia- 
tions from the true spherical movement will be charged to 
individual engine characteristic and may be modified by 
investigation. 

/ Chted]) I} The second important objection raised to volume distribu- 
WA ial IY, ; tion through plaster-cast technique is against assuming that 
5 X) the piston may be considered as standing still. 
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j In the early history of Janeway’s work on volume distribu- 
\ tion, he stated that consideration of the piston moving or at 

= : top dead-center gave closely similar results. 
y N i Samuels of Chevrolet made a mathematical analysis of 
i N Z flame-front area under both conditions and checked the Jane 

N N way statement as being correct. 

yf _ Look at Fig. 8 which shows a chamber sectioned. Here we 
; see that the early portion of the movement does not touch the 
7 piston at all. But, regardless of this factor, we must remember 








that the density of the compressed gas is changing as the 
piston moves up and, since the weight of the gas in the flame 
front is more important than the area, we are certain that no 
very inaccurate forecast will be made by the assumptions that 


Fig. 8-—This section of a combustion chamber shows why the we use. 
flame-front area is unaffected by piston movement 





Remember this, that a forecast is necessary. The accuracy 











208 


S.A.E. JOURNAL 


Vol. 44, No. 5 


(Transactions ) 


of that forecast may undergo a series of corrections as we 
progress with our ability in recording shock after the engine 


is built. 


In spite of our practice of forecasting combustion rough 
ness, we always have been ready to use, if available, data 
from indicator cards. We never have seen a time-pressure 
card worthy of such use. Remember that roughness is in pro 
portion to the rate of pressure rise and the manner in which 
it impresses itself on the engine components. 


Plaster Cast a Symbol 


As stated earlier, we work by symbolism. The plaster cast 
is a symbol representing the shape and volume of the gas that 
is to be burnt. The volume-distribution curve, Fig. 9, sym 
bolizes time pressure because the time pressure will vary as the 
flame front finds gas to burn. 

Our rate curve, which is the first derivative of the volume 
distribution curve or the ratio of percentage volume increas 
to percentage of distance traveled, symbolizes the rate of pres 
sure rise, since it would be the counterpart of such a rate 
taken from a time-pressure curve indicator card. 

We now have two symbols—one representing time and 
pressure — the other the maximum pressure-rise rate. 

To compare two chambers for roughness we must unde1 
stand that this roughness has a kinetic value. Symbolism dis 
regards the pounds-feet per second squared —- and remembers 
only that velocity squared times mass is kinetics. 

In our chart the rate curve represents velocity, hence all rat 
comparisons with other chambers must be squared. The mass 
or weight or force factor is symbolized in the percentage ot 
volume burnt at the time of maximum rate — thus, by applica 
tion of this bit of symbolism, we obtain a reasonable compara 
tive of roughness. Perhaps such rationalization will not go 
down well with investigators who would rather reduce theit 
results to specific standard values. 

We have always believed that, when symbolism can bx 
applied to indicator cards, we shall be able to use them in ou 
daily work. If the comparative values of the information 
given in an indicator card can be registered without reference 
to an outside, or perhaps “offside,” calibration such as a pres 
sure gage, we then are not misled by photographic or cathode 
ray distortion. In this connection we have been observing 
carefully results taken with a Dodds Cosser Indicator. Dr. 
Dodds has written a complete description of his unit which is 
very interesting.” 


The outstanding value of the Dodds indicator to us is, first, 


2See the Journal of the Institution of Automobile Engineers, Vol. VI, 
No. 2, November, 1937, 


pp. 41-67: “Recent Developments in Engine 


Indicators,”’ by E. M. Dodds 





Fig. 10-This typical rate curve includes the rate curve of 
the compression 


the fact that his pressure element is not a carbon stack but a 
water-cooled displacement element and, second, that, by modi 
fication of the circuit, rate of pressure rise can be read direct. 

The latter is a tremendous advantage because it eliminates 
transposition, and this improvement reduces our considera 
tion to just a point. With variation between cycles we may 
assume the maximum of rate to be our point, Or we can at 
least average the points, or by sufficient number of cycles, let 
the camera average the cycles. After all, we want a point. 
Fig. 10 shows a typical rate curve including the rate curve of 
the compression. In Fig. 11 we have the rate curve of com 
pression. Where the compression curve crosses the neutral 
line is top dead-center. 





Fig. 1!—In this rate curve of compression, where the com- 
pression curve crosses the neutral line is top dead-center 
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Now for symbolism. ‘he characteristic of the compression 
curve is a function of the piston movement and clearance 
volume and is constant regardless of the shape of the chamber. 
The characteristics of the pressure rate curve are a function ol 


the actual volume distribution as burnt. The ratio of these 





RATE CURVE OF BURN 


RATE CURVE 
OMPRESSI/ON 


INITIAL PRESSURE RISE 


Fig. 12 —The three important curves illustrated were taken one 

after another — 10-hp, 4-cyl, Vauxhal!, 120 bmep, 1600 rpm, 

spark advance 18 deg BTC, compression pressure 165 |b per 
sq in. K = roughness factor = 16.274 


THE ENGINE? 209 


two may represent a self-contained yardstick. Because we are 
dealing with kinetics, which is velocity and time, the effect ot 
this rate will vary as its square, and so will this ratio. 

3efore this symbolic picture is complete, we must know the 
mass involved at the instant of the rate represented. This 1s 
easy since, by throwing a switch, we have an actual time 
pressure curve of the same linear and angular proportion as 
the rate curve; we easily determine either the actual pressure 
in pounds per square inch at the instant of maximum rate 
pressure rise, or we carry the principle of symbols right 
through and use the percentage or fraction that the pressure 
is relative to the peak pressure. 

The peak pressure is considered as 100%; the initial pres 
sure-rise point is zero. Anywhere between is a fraction of 
100% and represents the load factor. Fig. I2 gives these 
three important curves, taken one after the other. 

We eventually shall use a butane mixture for this work to 
minimize the variation between cycles. 

We at Vauxhall believe that this is the first time a direct 
reading rate curve has been evaluated for combustion. Per 
haps with practice we shall do different in the future. How 
ever, someone has to start and we do not mind being shot at, 
although we reserve the right to duck when able. 


Roughness and Detonation 


Fig. 13 shows a very interesting recorded fact we all have 
known for some time, and that is that roughness and detona 
tion are separate entities. This figure shows detonation below 
the neutral line trying to push the declining rate upward. 
Detonation would have to reverse the rate to be a factor in 
roughness. 

We are sorry to bring up this dry topic, but we do believe 

that the data are important. The engine men of Vauxhall 
Motors are anxious to irritate the automotive physicists into 
either showing us how we are wrong or corroborating our 
findings. We cannot lose — we win either way. 
You see, Mr. Stylist, we engine men really have a lot in 
mind about our engine and, although there may be a may 
erick or two in our group we, as a whole, are young men 
trying to get on in the world — won't you please think of us a 
little ? 





Fig. 13 — Confirmation of the fact that roughness and deton- 
ation are separate entities is furnished by this curve 











Spark Timing - Its Relation to Road 


Octane Numbers and Performance 


By L. E. Hebl and T. B. Rendel 


Shell Petroleum Corp. 


EASUREMENTS in the authors’ laboratory 

have shown that the differences between 
the power that is obtained with present spark 
timings and that which could be obtained at maxi- 
mum power spark timing do not differ greatly 
among cars, and are of the order of 1 to 2%. 


As a future program, the authors recommend 
investigation of how the shape and slope of the 
highest useful spark-advance curve is influenced 
by fuel characteristics, engine design, and by the 
conditions under which the engine is operated, 
and of how it can be fitted to the maximum-power 
spark-advance curve. 


Such work, they believe, will go a long way to- 
ward solving the riddle of the excessive variability 
of road octane numbers; it will allow the engine 
designer to fit his engine to the fuels now available 
without complicated gadgets. 


ORE than thirty years ago the late Prof. Hopkinson 
M of Cambridge University called attention to the 

phenomenon of detonation and suggested that it was 
probably a characteristic of the fuel but, until about 1917, 
little seems to have been done about it. About that time, the 
combined researches of Messrs. Midgley and Boyd in this 
Country and of Ricardo in England, clearly proved that 
detonation was a characteristic of the fuel and was in fact 
the major factor limiting the power output of the engine. As 
soon as these facts had been assimilated properly, the auto- 
motive and petroleum industries took up the subject in real 
earnest and the need for a common yardstick for measuring 
the knocking tendency of a motor fuel grew urgent. Through 
the cooperative research sponsored by the CFR Committee, 
the octane-number scale was agreed upon and a tentative 
method for measuring the knocking tendency of a motor fuel 
using this scale was evolved. 

This work completed what might be termed the first, or 
experimental, phase of the development of the science of 
detonation, and led directly into the second phase. The prin 
cipal studies included in this phase were the correlation of 
octane numbers obtained in cars on the road with those ob 
tained in the laboratory test engine, and surveys of the octane 
requirements of the various cars. As soon as the two indus- 
tries attempted to carry out these tests, a confusing situation 





[This paper was presented at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 12, 1939.] 


was quickly apparent since no two cars gave the same “road 
octane number,” nor did they seem to have any definitely 
fixed octane requirement, particularly when certain types of 
gasoline were considered. The octane-requirement surveys 
showed that the so-called octane requirements were not a 
direct function of the design of the cars or their operating 
conditions, but depended largely on the octane number of the 
fuel available to them in any given territory. This phenom 
enon is indicated clearly by a study of the curves shown in 
Fig. 1. In this figure the octane numbers of reference-fuel 
blends required to prevent knock under certain standard con 
ditions of road operation are divided into groups separated by 
increments of four octane numbers along the ordinate scale. 
The number of results in each of these groups is plotted on 
the abscissa as the accumulating percentage of the total num 
ber of results available. In addition to this, the three large 
circles indicate the approximate percentages of gasoline mar 
keted equal to or below each given octane number. 

The striking thing about these curves is that, not only do 
they cover the whole range of octane number of available 
fuels, but the percentages of the fuels available of a given 
octane number fit the requirements extraordinarily closely. 
Continued checking of these results in successive surveys has 


merely added further confirmation. Subsequent analysis to 
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Fig. 2—Effect of spark timing on power at various speeds is 


shown for one car, G37. Data were obtained on a chassis 
dynamometer with manual distributor control 


show the effects of such variables as atmospheric temperature, 
mechanical condition of the car, and even the type of gasoline 
used, have either indicated a negligible effect or merely 
shifted the whole curve a few points up or down. 

In the authors’ opinion these findings have tended to con 
fuse the issue concerning the logical development of the 
science of detonation. Clearly there must be some adjustments 
which can be made to bring about such a wide distribution of 
octane requirements, and equally clearly there must be corre 
sponding differences in the performance of cars that are 
adjusted to take fuels having octane numbers differing by 
such large amounts. It is the purpose of this paper, theretore, 
to show what these adjustments are and to give some idea of 
their effect on car performance, thus laying the ground work 
for the next phase of our studies regarding the effects of 
certain engine variables, both as regards their effects on per 
formance and on the limitations imposed by detonation. 


Importance of Spark Timing 

Now in order to take a look at the whole forest and to 
consider why there is such a wide distribution of octane 
requirements and wide variability of “road octane numbers,” 
we had first to select a suitable path out of the woods. The 
path which seemed the easiest to take was that sign-posted 
“spark timing” for, almost since the importance of detonation 
itself was recognized, the importance of the spark timing on 
the detonation tendency of an engine has been realized fully. 
In fact, some of the earliest measures of the tendency of an 
engine or of a fuel to detonate were in terms of the highest 
allowable spark timing under a specified set of testing con 
ditions. However, in order to adjust the spark timing for the 
varying speeds and loads encountered in service, modern 
engines are fitted with automatic devices whereby the spark 
is advanced as the speed is increased or the load reduced, but 
normal tolerances in distributor manufacture are too great to 
enable us to rely on the distributor to follow the manufac- 
turer’s specified spark timing curve. It is clear, therefore, that, 
when measuring the relative detonation tendencies of fuels, 
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the spark tuming must be controlled closely, particularly where 
the tests are made by accelerating over a range of speeds, and 
it is important to our problem to investigate exactly the influ 
ence of spark timing on power and economy, and the limits 
ot allowable spark advance that are necessitated by the knock 
ing tendencies of commercial-grade fuels. 


Influence of Spark Timing on Power 


In order to determine the influence of spark advance on 
power, curves of spark advance versus horsepower were ob 
tained on a chassis dynamometer at 5 mph intervals from 10 
to 60 mph using nine different cars. Several fuels were used 
in these tests which were all above go octane number in order 
that the curves would not be influenced by detonation. The 
distributor was arranged for full manual control by tying the 
centrifugal weights and disconnecting the vacuum control 
mechanism. A typical set of curves is shown in Fig. 2 for one 
car. The maximum points from these curves were cross 
plotted as shown in Fig. 3 to obtain the influence of engin 
speed on the maximum power spark advance. From inspec 
tion of these curves it is obvious that the spark must be 
advanced considerably as engine speed increases. Fig. 3 also 
shows similar curves obtained with seven other cars, and it 
will be seen that the relation is fairly uniform. The slight rise 
im the neighborhood of 60 mph probably results from a com 
bination of weak mixture and low charge density. 

Returning now to Fig. 2, the power that is obtained when 
the spark is retarded from that which gives maximum power 
decreases more sharply at high speeds than it does at low 
speed. However, when the maximum power is taken as 
100%, the percentage decrease at other spark timings is then 
found to be the same not only at all speeds, but also for all 
cars, as shown in Fig. 4. This curve is important because it 
forms a standard calibration for interpreting any retarded o1 
over-advanced spark in terms of equivalent power, in com 
parison with the maximum power obtainable and, therefore, 
will be referred to again in the section dealing with spark 
timing limitations due to detonation on commercial grade 
tuels. 


Influence of Spark Timing on Economy 


Parallel with the effect of spark timing on maximum powe! 
it is also of interest to show the effect of spark timing on fuel 
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Fig. 3 - The influence of speed on spark required for maximum 
power is illustrated by means of cross-plotting from curves 
such as Fig. 2 
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quired for maximum power were made at full throttle which 
is the condition under which maximum power is desired even 
at the expense of some wasted fuel. On the other hand, most 
operation is at part throttle where maximum power is not 
desired, and it is permissible to sacrifice power in order to 
obtain maximum fuel economy. Consequently, all the fuel 
economy tests to be described have been made at the throttle 
opening which corresponds with level road load. The throttle 
opening was controlled on the chassis dynamometer at each 
speed by following a curve of manifold vacuum versus speed, 
previously determined by actual road test on the same car. 

Corresponding with Fig. 2, a set of curves was obtained in 
which the spark timing was plotted against the mileage pei 
gallon of fuel, and maximum points from such curves plotted 
against the engine speed as shown in Fig. 5 for five cars, 
again showing a fairly universal relationship. The timing for 
maximum part-throttle economy is seen to be considerably 
advanced over that for maximum power at full throttle, one 
car being plotted as an example. 

As in the case of spark-advance deviations from maximum 
power shown in Fig. 4, the effect of spark retard or over 
advance from that giving maximum fuel economy was also 
found to be the same not only for all speeds but also for all 
cars, when the mileage per gallon is expressed as a percentage 
and this relation was in close agreement with that shown in 
Fig. 4. However, for the time being, the maximum economy 
spark timing can be dismissed with the observation that part 
throttle timing has not yet reached the point where it is 
limited by detonation in many cars. 


Limitation on Full-Throttle Advance 

Up to this point we have shown what effect spark advance 
has on the power output and fuel economy. We have now to 
show what limitations are imposed on spark advance due to 
detonation. 

‘In previous work the use of “road octane numbers,” al 
though a convenient step in the standardization of laboratory 
test conditions, was found to be confusing and unnecessary. 
Accordingly, in this work, the spark advance for incipient 
detonation at various speeds, that is, the highest useful spark 
advance curve, was determined according to the procedure 
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described in previous publications’ *. A set of straight-run 
reference-fuel mixtures was used to provide a convenient 
range of octane numbers and the octane numbers of these 
mixtures will be considered to mean their ASTM 
numbers unless otherwise noted, as will those of all 
fuels. 


octane 


other 


Figs. 6 and 7 show the allowable spark-advance curves ob 
A236 and G37, 
respectively, compared with the spark advance necessary for 


tained with reference-fuel mixtures on cars 


maximum power with two cars. Inspection of these curves 
reveals the following facts: 

1. To obtain maximum power at all speeds without detona 
tion would require a fuel of approximately 85 octane number. 

2. When using a fuel of 70 octane number the spark can 
be timed to give maximum power at speeds above about 40 
mph, but must be retarded at lower speeds to avoid detona 
tion. It now remains to be seen how the spark retard at low 
speed is accomplished and what loss in performance must be 
suffered. 


Distributor Mechanisms 


Now, considering the data discussed so far, the three main 
requirements which have been shown necessary for the 
matic spark-timing mechanism are: 


auto 
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1. To follow the full-throttle maximum-power spark-timing 
curve at high speeds. 

2. To advance the spark at part throttle to obtain maxi 
mum economy. 

3. To retard the full-throttle spark at low speed in order to 
avoid detonation. 


In practically all cars the automatic devices accomplish this 
control by means of a centrifugal advance mechanism con 
sisting of a pair of flyball weights similar to those shown in 
Fig. 8. At high speed centrifugal force pulls these weights 
outward, turning a small plate on which the cam is mounted. 
The cam is thereby advanced ahead of the shaft which drives 
it. The shape of the resulting advance curve will depend on 
the form of linkage between the weights and cam, the inertia 
properties of the weights, and the properties of the restraining 
springs. Fig. 9 shows the full-throttle spark timing curve 
obtained with a typical distributor, in comparison with the 
curve desired for maximum power and the maximum allow 
able curve for a commercial grade fuel. It will be noted that 
maximum power is obtained approximately at speeds above 
about 40 mph and that the spark is retarded at lower speeds 
sufficient to allow about 5 deg from the timing at which the 
commercial fuel would knock. 

Now it was shown in Fig. 6 that the part-throttle spark 
advance required for maximum fuel economy was consider 
ably greater than that required for maximum power at full 
throttle. This additional advance usually is obtained by the 
use of a diaphragm operated by vacuum from the intake 
manifold. This diaphragm is linked either directly to the 
distributor body as shown in Fig. 10, or to another plate 
within the distributor. In either case the distributor body, or 
the plate, turns the breaker points in the opposite direction 
from the motion of the cam, producing an additional advance 
in the spark timing. 
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Fig. 6—Spark-advance curves for borderline knock with va- 

rious reference-fuel mixtures for Car A36 are compared with 

the spark advance necessary for maximum power for the 
same car 
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Fig. 8—The centrifugal mechanism for advancing spark with 
increased speed consists of a pair of flyball weights arranged 
as shown 


timing” is shown for one car by the curves at the top of 
Fig. 9, approximately in agreement with the timing that is 
actually required for best fuel economy. 

Tests on other cars show similar curves, and it seems quite 
clear that these mechanisms really do a good job of accom 
plishing the requirements as closely as could be expected. 


Octane Number for Maximum Power 


We have now shown what spark timing is required for 


maximum power and economy, and further, that modern 
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Fig. 7—Spark-advance curves for borderline knock at 75 F 
with various reference-fuel mixtures are compared with the 
spark advance necessary for maximum power for car G37 
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Fig. 9-—The spark-timing requirements and distributor curves 

for Car T38 compare the full-throttle spark-timing curve with 

the curve desired for maximum power, and the maximum allow- 
able curve for a commercial-grade fuel 


distributors actually can give approximately the spark timing 
desired; in fact, they give maximum-power spark advance at 
speeds where this advance does not cause detonation, and at 
lower speeds, they give a retarded spark to allow for the 
knocking tendencies of commercial grade fuels. This is clearly 
the adjustment which accounts for the phenomenon discussed 
in relation to Fig. 1 and the question remains: What gain in 
power could be obtained if low-speed knock did not require 
the spark to be retarded? To answer this question it was 
necessary to devise a method of averaging the loss in power 
that is suffered when the spark must be retarded, because the 
amount of retard depends upon the engine speed. 

To expedite the calculation of the power loss necessary with 
fuels having various borderline knock curves, the special 
chart shown in Fig. 11 was constructed. This chart uses 
percentage power loss obtained from Fig. 4, corresponding to 
a given number of degrees spark retard (from the timing 


Fig. 10 — The 
complete dis- 
tributor shows 
the vacuum-ad- 
vance device 
for part-throttle 
control linked 
directly to the 
distributor body 
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giving maximum power) as the ordinate scale and car speed 
as the abscissa. Using a 69.5 octane-number cracked fuel 
which gave high-speed knock, and a 70 octane-number 
straight-run fuel as examples, the difference in degrees spark 
timing between the incipient knock curve and the timing for 
maximum power was noted at 5 mph intervals for each fuel 
and plotted on the chart. The areas thus formed can now be 
used as a measure of the power loss value of the fuels. Instead 
of using the square inch as a unit of measurement, an arbi 
trary unit of 1% power loss multiplied by 1 mph was used so 
that the value representing the area under the curve would 
not depend on the size of the chart. Thus, 1% loss in power 
over the speed range from 10 to 60 mph represents 50 units 
of power loss. 

It will be noted from Fig. 11 that the power loss may occu 
at either high or low speed, depending on the type of fuel. 
Since it is impossible to distinguish between the importance 
ot a loss in power at low speed and one at high speed, the best 
that can be done is to average the losses at all speeds. The 
average losses, obtained by taking the data for the reference 
fuels shown in Figs. 6 and 7 and averaging the power losses 
together by dividing the total area under the power loss curve 
by the speed range 10 to 60, that is, 50 mph, are plotted in 
Fig. 12 against the ASTM octane number of the reference 
fuels. It is interesting to note that the power to be gained 
with these engines by the use of higher octane number fuels 
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Fig. |! — For averaging the loss in power due to spark retard 
this special chart was constructed 
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Fig. 12—Average power losses are plotted against octane 
number 
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and more advanced spark timing was only of the order of 
1%. The octane number required for maximum power was 


about 85. 
Effect of Gasoline Type on Power Loss 


Up to this point we have discussed the problem of meeting 
the spark-timing requisites for power and freedom from 
knock on the basis of insensitive straight-run reference fuels. 
In actual practice, however, most commercial motor fuels con 
tain some cracked gasoline which causes their antiknock 
values to be sensitive to engine conditions, so the problem has 
to be reviewed to learn the influence of this additional factor. 

To evaluate the loss of power with a cracked fuel, it is a 
simple matter to superimpose its incipient knock curve on the 
reference fuel framework. The advantage of the cracked fuel 
over its reference fuel is then obtained at any speed by inter 
polation. Figs. 13 and 14 show the incipient knock curves of 
three test fuels and of a series of reference fuels for two cars. 
In Car A36, for example, Fuel 6 was equal to a reference fuel 
of 80 octane number at 15 mph which is 10 octane units better 
than a reference fuel of the same ASTM octane number (that 
is, 70). At 50 mph it is estimated as 8 octane units worse. 
The advantages of the fuels over matching reference fuels 
have been determined at 5 mph intervals, as shown by the 
averages in Table 1. This appreciating tendency of cracked 
gasolines due to the different shapes of the highest useful 
spark-advance curves must have some effect on the power loss 
obtained due to retarding the spark advance. 

In calculating the average power loss for fuels of various 
types on the maximum which is obtainable, we can follow the 
same procedure as was followed for the reference-fuel blends. 
Table 1 shows the average percentage power loss of cracked 
fuel compared with the reference fuel blends. 


Table 1 —- Average Power Loss on Cracked and Straight-Run 
Gasolines 
ASTM Average Power Loss, % 
Fuel Octane No. Cracked Reference 
Car G37 
I 70.0 1.2 1.6 
2 71.0 1.3 1.4 
3 68.4 0.8 1.8 
Car A326 
4 71.1 0.2 1.4 
5 69.1 0.3 1.6 
6 70.0 0.6 1.5 


No significance is attached to the smaller loss with the 
cracked fuels in Car A36 because fuels 4 to 6 were more sensi- 
tive than were 1 to 3. It is significant, however, that the 
cracked fuels whose octane numbers were between 68.4 and 
71.1 gave almost the maximum power of which the engine 
was capable. The losses on the straight-run fuels, although 
still small, were about twice as great as those on the cracked 
gasolines. 

Looking back on the whole problem for a moment, it now 
has been shown that the wide range of present-day octane 
requirements is due to the flexibility in the adjustment of 
spark-advance mechanisms and that reasonable adjustment of 
these mechanisms to take care of a fairly wide range of octane 
numbers has a relatively small effect on the performance of 
the engine. The questions still remaining, however, are: 
What are the effects of other variables such as changes in 
atmospheric conditions or engine design on this situation, and 
how can the information that we now have be used to clear 
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Fig. 13 — Borderline knock curves of cracked and straight-run 
gasolines for car A36 are compared 


up the confusing situation regarding the correlation of “road 
octane numbers” and laboratory octane numbers? 


Other Conditions Using Different Fuels 


Now, before we can consider the effects of such variables as 
atmospheric conditions or engine design on the foregoing situ- 
ation, we have to consider briefly the relation between the 
ASTM octane number of a fuel and its behavior in a car since 
the effects of these variables are different for different types of 
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Fig. 14- Borderline knock curves of cracked and straight-run 
gasolines for car G37 are compared 
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reference fuel varies greatly with 
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turn, depends upon the particular 
distributor used. 


In actual practice, the distrib 


utor curve for a new car can be 
expected to fall anywhere within 
a band about deg wide and, 
| . after a time, the band is known 
to widen considerably because of 
wear, burned distributor points, 
sticking governor weights, 
so on. 
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Fig. 15—The influence of compression ratio on spark-timing requirements is shown for four 
compression ratios 
fuels. It is this differentiation between fuels of different types 


that becomes most important when tests are made with vari 
‘able atmospheric conditions or engine design. 

In the past it has been advantageous to study road perform 
ance in terms of “road octane numbers” in comparison with 
laboratory octane numbers. We now feel that it is undesirable 
to express car results in terms of road octane numbers and 
that greater flexibility is obtained if car performance is con 
sidered in terms of the advantage of the given sample over 
its equivalent ASTM reference fuel. That is, a certain cracked 
gasoline may match a 7o0-octane reference fuel in the labora 
tory engine but, in a given car under certain conditions, it 
may be as good as a reference fuel of 80 octane number. We 
believe that it is better to conceive of the cracked fuel 
having an advantage of 10 octane-number units over its 70 
octane-number reference fuel rather than a “road octane num 
ber” of 80. The advantage of this concept lies in the sim 
plicity of comparing road tests in the same car under different 
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fuel to reach its maximum knock 
at different speeds. 

The knocking pertormance 
determined by the 
line-knock curves, which are ob 
tained without the use of the automatic advance mechanism, 
gives a more representative indication of the average result to 


as 


aid of border 


be expected of all cars of a given make because: first, these 
curves themselves are reasonably reproducible and, second, 


instead of basing the knocking tendency of the individual car 
on the particular spark-timing calibration for that car, it is 
calculated from the manufacturer’s specification of what the 
calibration should be for that car. The average calibration for 
all cars of that make can be expected to follow the manufac 
turer’s curve very closely, so the antiknock performance thus 
measured on the one car can be relied upon to represent the 
average, even though that car may not have a representative 
distributor advance calibration. 

It follows that, not only the ratings, but also any other indi 
cations of car performance that are calculated from those 
ratings, such car appreciating 


as and antiknock 


when obtained by the 


tendency 


requirement, are more representative 
borderline-knock method. 














May, 1939 


Effect of Atmospheric Temperature 

lt has been shown that incipient-knock curves provide a 
valuable tool for the study of the appreciating tendency of an 
engine. From a study of the highest useful spark advance 
curves in Figs. 13 and 14, it is also seen that the appreciation 
is not constant but is a function of speed. Another factor ot 
which the appreciation is a function is temperature, and 
this respect atmospheric temperature plays an important part. 
Maximum knock ratings have shown to a certain extent the 
effect of temperature on the ratings of sensitive fuels, but the 
results have been masked by the effect of speed and have been 
very difficult to analyze. Now it will be realized that, if the 
appreciating tendency were determined for an engine at 
various atmospheric temperatures, more definite information 
would be available. With this object in view, incipient-knock 

reference fuels and three gasolines of 
varying sensitivity at four temperatures from 25 F to roo F 
on Cars A36 and G37. It was necessary to make these tests 
on a chassis dynamometer where the wide range of air tem 
peratures desired could be obtained, and the air temperature 
for any one series of tests could be held constant. 

In general the 


curves were run on 


data revealed that the appreciation is de 
creased greatly at temperatures above 50 F and that the same 
general relationship is followed f high 
higher 
On Car A326, the depreciation at 25 F from the per 
formance at 50 F may possibly be explained on the basis of 
poor distribution at that low temperature, which brings into 
the picture another factor which remains to be studied. Car 
G37 appears to be affected much less by temperature, the 
maximum variation in appreciation being 68% 
and 148% 


all temperatures, of 
appreciation at the lower speeds but depreciation at 
speeds. 


for Car G37 
for Car A36 when the gaa by the labora 
tory research method is taken as 100‘ 

From such data it was also anil to calculate the effect of 
spark timing on the power loss when the spark was retarded 
from maximum-power timing at the different temperatures 
and with the different types of fuels. 


Table 2 shows examples 
of such data. 


Table 2— Average Loss in Power at Different Atmospheric 
‘Temperatures 
Average Loss in Power in Car G37, % 


25 F 


50 F 75 F 100 F 

—~ - ~ —_— ——— = - 
Fuel Crkd. St. Run Cc rkd. ‘St.Run Crkd. St.Run Crkd. St.Run 
I 1.0 0.9 0.6 0.7 0.7 0.8 0.6 0.8 
2 0.9 0.8 0.5 0.0 0.4 0.7 
3 0.4 I.1 0.3 0.8 0.3 r.0 0.3 1.0 

Average Power Loss in Car A36, % 

4 0.3 1.3 0.4 1.0 0.7 1.2 1.4 0.7 
5 0.8 1.6 0.2 L2 1.0 1.5 0.8 0.9 
6 1.2 < 0.5 I.1 fe, 1.4 :.2 0.8 


The straight-run fuels were given the advantage in a few 
cases (those underlined in Table 2) though, in general, the 
cracked fuels were slightly superior in both of these cars. 

Regarding the changes in performance that occurred when 
the temperature was changed, it can be seen that sometimes 
the performance changed on the cracked fuels while that of 
the straight-run fuels remained the 
straight-run fuels varied while the 
unchanged, 


same, sometimes the 
cracked fuels remained 


and sometimes both varied in either the same or 
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opposite directions. It is thus clear that relative values on a 
cracked gasoline, as are obtained by the use of road ratings, 
are unreliable as an indication of its road performance. 


Effect of Compression Ratio 


As a further interesting example of the use of the highest 
useful spark advance curves, the following experiments on the 
effect of compression ratio are worthy of note. In these ex- 
periments the highest useful spark advance curves on three 
fuels of widely different sensitivity were studied on the road 
on an L-head low-priced car (Car D38) with a normal com 
pression ratio of 6.7:1 and compared with similar curves on 
the same car but with compression ratios of 5.0:1, 5.7:1, and 
7.85:1, obtained by using additional gaskets or by milling off 
the surface of the cylinder head. It is realized that the use of 
the extra head gasket changes the surface volume ratio and 
also to some extent the shape of the combustion chamber. It 
still is felt that useful comparative data were obtained. 

The test fuels used were a 70-octane-number reference-fuel 
blend and two different cracked gasolines. These fuels had 
the following ASTM and research octane-number values: 


Fuel ASTM Research 
7 70 70 
§ 70.8 79.4 
9 70.1 759 


The incipient-knock spark-timing curves for the fuels were 
run at full-throttle acceleration on a hill, and the spark timing 
required for maximum power at each compression ratio was 
determined on the chassis dynamometer using a high octane 
fuel which did not detonate. 

The data obtained at the four compression ratios are shown 
graphically in Fig. 15. At 5.0:1 compression ratio the allow 
able spark timing on all fuels increased rapidly as the speed 
increased. This relationship changed gradually until, at the 
high compression ratio of 7.85:1, the allowable spark timing 
increased very slowly as the speed increased. Although the 
ASTM octane numbers of the three fuels were about equal, 
Fuel 8 allowed a much more advanced spark timing at 5.0:1 
compression ratio. Even at 6.7:1 the cracked gasolines were 
considerably better in road antiknock value than the straight- 
run reference gasoline, especially at low speeds. This finding 
is in line with results on other engines of about this compres 
sion ratio. However, at the high compression ratio of 7.85:1 
the road antiknock values of the cracked gasolines dropped 
sharply and allowed less spark advance than the 70 octane 
number reference fuel blend at speeds above 23 mph. The 
foregoing results indicate that such fuels may be sensitive to 
pressure and that the antiknock values of these fuels may 
decrease with increasing pressure more rapidly than do those 
of straight-run fuels. From a practical standpoint the data 
mean that the advantage now enjoyed by cracked fuels over 
straight-run fuels may diminish if compression ratios of en 
gines are increased materially. 

The timing for maximum power at the various compression 
ratios is interesting and shows the need for automatic spark 
timing devices at low compression ratios. However, at high 
compression ratios, the spark timing could be maintained con- 
stant at 13 deg before top-center from 25 mph up without any 
appreciable todd of power. This result may tend to justify the 
practice of foreign designs where fixed spark timing is used. 
In these cars of small displacement and high compression 
ratio, the speed of the engine generally is maintained high 
enough by gear changes to make a fixed spark practical. 


Concluding Remarks 


To sum up, although no claim is made for finality of our 
own data, it does seem as if, with present-day cars, the wide 
range of octane requirement found in past surveys is due to 
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flexibility of spark-timing mechanisms, and the loss in power 
obtained by adjusting the spark timing to suit a wide range 
of octane numbers is comparatively small. It also seems as if, 


by changing the type of fuel, the highest useful spark advance 
curve is so changed that the power loss can be reduced to even 
smaller proportions. 

At the beginning of this paper, the development of the 
science of detonation was divided into phases, the first being 
one of experimentation, and the second, one of commercial 
standardization, and it was one of the main purposes of the 
paper to indicate a path through the woods to the third phase 
which, for the want of a better description, might be called 
“the period of more critical analysis.” For this phase it is 
suggested that the methods of attack outlined in this paper, 
that is, the highest useful spark advance method of study, has 
definite advantages over the cooperative survey methods that 
have been followed during the second or commercial stand 
ardization phase. 

If the future study is considered in this light, it seems pos 
sible that an engine could be designed whose spark advance 
required for maximum power would fall below the borderline 
knock curve on a commercial grade fuel at all speeds. If, in 
addition, the maximum power spark timing were not sensi 
tive to speed, it might be possible to dispense with the auto 
matic spark timing mechanism and use a fixed spark timing, 
with consequent elimination of many difficulties. 

It might also be expected that the effect of combustion 
chamber deposits would be marked*. Some preliminary work 
in our laboratory has also indicated the importance of research 
in this direction and the excellent work of Messrs. Bartholo 
mew et al® and Blackwood et al* has shown very clearly that 
‘mixture distribution is an outstandingly important phenom 
enon, and it is believed that the highest useful spark advance 
curves are worth studying on individual cylinders in a multi- 
cylinder engine by retarding the spark, say 5 to 10 deg, in all 
cylinders except the one under investigation. It would seem 
that the various committees now studying the detonation 
phenomenon of automotive engines might well carry out some 
of this work in a cooperative manner and encourage various 
laboratories represented to carry out individual portions ot 
this work on such items as appear promising. 


Acknowledgments 
In conclusion the authors would like to acknowledge their 
debt to R. J. Greenshields and the staff of the Wood River 
Engine Research Laboratory of the Shell Petroleum Corp., 
who have carried out all the experimental work in connection 
with this paper, and to the management of the Shell Petro 
leum Corp. for permission to publish this material. 


Discussion 





Effect of Carbon Deposits 


— Earl Bartholomew 
Ethyl Gasoline Corp. 


‘THE ~y by Messrs. Hebl and Rendel certainly constitutes a mile- 

stone progress in the “more critical analysis” of the detonation 
problem as ug + authors very appropriately have named the extensive 
investigations now under way in which fuels and engines are being 
pulled apart and a background of fundamentals built up to explain the 
variable performance of fuels in automobiles. A certain amount of road 
knock-testing of fuels followed by statistical analyses, in all probability, 


3 See SAE Transactions, Vol. 33, April, 1938, pp. 141-156: ‘“‘Carburetion, 
Manifolding, and Fuel Antiknock Value,’ by Earl Bartholomew, Harold 
Chalk, and Benjamin Brewster. 

*See SAE Transactions, Vol. 33, October, 1938, pp. 427-433: “A Prac- 
tical re to the Road Detonation Problem, ” by A. J. Blackwood, C. B. 
Kass, and G. H. B. Davis. 


will always be required tor the determination of fuel requirements of 
cars and for the correlation of data obtained in the laboratory and on 
the road. Such programs, however, usually do not yield much explana 
tion for the cause of the results obtained. In research programs of th 
type described in this paper resides the hope of dissipating the confusion 
which now surrounds the knocking of fuels in automobiles and of 
making a more efficient use of available fuels. 

It is unfortunate that time did not permit the authors to study thi 
effect of carbon deposits which they state may have a marked effect on 
the relations between octane number, spark advance, and car perform 
ance. It is known that carbon deposits may increase the fuel antknoch 
requirements of cars by 15 or more octane numbers. The available data 
on cars in actual service show changes in car performance due to simu 
taneous changes in spark ting and fuel octane number which rang: 
from the small values quoted by the authors to quite significant figure 

One of the popular low-priced cars produced in 1937, after 2 
miles of average service without carbon cleaning, had the variation in 


accelerating ability shown in Fig. A. A difference in the spark timing 


for incipient knock made possible by a change of 7.4 octane numbe1 
decreased accelerating ume 6.6% and 4.2% between speeds of 10 to 
and 10 to 60 mph, respectively. It is interesting to speculate on thi 


differential in performance that would have been obtained with a clea 
engine. 

Yo illustrate the effect of change in fuel octane requirement of th 
engine on the differential in performance resulting from a change 
spark advance at incipient knock, the data shown in Fig. B were ob 
tained on a CFR engine at 1000 rpm after the substitution of a plai 
intake valve and 7-in. carburetor venturi and the elimination of mix 
ture heating. 

Fig. By (upper left) shows brake mean effective pressure versus com 
pression ratio at the maximum power spark advance and at the spark 
advance for incipient knock on fuels of 65, 70, 75, 80 and 85 octan 
number. Fig. Bz (lower left) shows the corresponding spark-advan 
data. Fig. Bs (upper right) shows brake mean effective pressure versus 
spark advance at the compression ratio that permitted maximum powe1! 
spark advance on 70-octane fuel and at the ratios which permitted maxi 
mum output in conjunction with retarded spark on 70- and 8o0-octan 
fuels, while Fig. Bs (lower right) shows the corresponding octan 
requirements. 

At the compression ratio which required 70-octane fuel for maximum 
power spark advance, an advance in ignition timing to that for incipient 
knock on a fuel of higher octane number naturally caused a power los 
When the compression ratio was employed which, in conjunction with 
retarded spark, produced the highest brake mean effective pressure on 
70-octane fuel, the output of the engine was increased 4.5% when th« 
ignition timing was advanced to incipient knock on 80-octane fuel 

































































No T —— ————_—— 
| | 
a b }— 4 | — + | | + T + 4 
4 | | 
4 a | | | 
of 105 -— + + a op 
| 
wi ° 4 b + + 1 <4 + T t + = 
« > | 
w 100 + i: et Gen fee ao ee 
a | | } 
| j 
hal -— + 4 ; t T 
w = } 
: | | 
ee 95 i | is j Bi : a Se 
- | INCIPIENT | INCIPIENT 
o KNOCK ON KNOCK 0} | 
ro Tl OCTANE 78.4 OCTANE | 
< MOTOR METHOD) | (MOTOR METHOD) | 
a ail GASOLINE 
. L? a 
: se an ae 
oO 
< 2 - | 
“— | | 
= ¢ | — 
= 
=< j 
ail 8 i +—- Z nile 4 
w 
« — ” are | | 
w T t + 
o3 | 
2 aati 5 + + j + 4 
30 l 4 | 
0 4 8 12 16 20 


IGNITION TIMING, CRANKSHAFT DEGREES BEFORE 
TOP DEAD CENTER WITH ENGINE STOPPED. 


TIME FOR ACCELERATION RELATIVE TO THAT 
AT SPARK ADVANCE FOR INCIPIENT KNOCK 
ON 7!l OCTANE (MOTOR METHOD) GASOLINE 


TEST CONDITIONS: >} ROAD ACCELERATION IN HIGH 
EAR AT WIDE OPEN THROTTLE. 


Fig. A (Bartholomew discussion) 
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Fig. B (Bartholomew discussion) 


At the compression ratio which, with retarded spark, gave optimum 
power on 8o-octane fuel, the increase in output was 7.0% when an 
8o0-octane fuel was substituted for 70 octane. 

On account of chassis friction these increases would be higher per 
centages of rear-wheel torque and, because of windage losses, would be 
sull greater percentages of the rear-wheel torque available for accelera 
tion. When an engine is free of carbon the conditions represented by 
points ‘“X”’ in Fig. B may prevail and no benefit would result from the 
use of a fuel of higher octane number. As carbon accumulates the octane 
requirement may increase progressively until the conditions of points “Z” 
may exist, causing a large increase in car performance due to the use of 
better fuels 


Reasons for Timing Variations 
and Settings 


— J. T. Fitzsimmons 
Delco-Remy Division, General Motors Corp. 


iF we consider Figs. 2 and 4 of the paper presented by Messrs. Hebl 

and Rendel, however, we will note that considerable variation in spark 
tuming may be had from that point giving optimum power, without 
losing any large percentage of power. However, as we retard the spark 
further from the setting which gives maximum power, the slope of the 
curve changes so that the loss of power per degree retard becomes much 
greater. Engines which require the spark timing to be set retarded to 
avoid detonation, therefore, become quite sensitive to timing variations 
since any error in setting by the mechanic or wear, either in the engine 
drive between the crankshaft and the distributor or in the distributor 
itself, gives either appreciable loss of power or objectionable detonation 
and causes a dissatisfied user. Variation due to contact setting in the 
distributor itself will change the timing approximately 2 engine deg for 
each 0.003-1n. point opening. From the theoretical point of view it is, of 
course, desirable to do all the things suggested in the way of securing 
best power and economy without detonation with fuel having the mini- 
mum octane rating. At the same time there are certain practical con 
siderations which eventually will establish limits beyond which it is not 
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economical to go. Dissatisfied users certainly will result if we attempt 
to operate high-compression engines with fuel with too low octane rating 
since the engines are not only very sensitive to spark timing, tempera- 
ture, and mixture ratio, but also to the type of fuel used. 


Octane Requirements Decreased 
by Engine Adjustments 


— J. O. Eisinger 
Standard Oil Co. (Ind.) 

HE authors have established a more satisfactory method of appraising 

the real road antiknock performance of motor fuels. However, there 
are certain aspects of this rather enlightening paper that warrant con- 
sideration, particularly from the standpoint of cars in actual use. There- 
tore, we ofler the following information, some of which is undoubtedly 
well known to many of those engaged in this problem. 

The authors state that “the average (distributor) calibration for all 
cars of a given make can be expected to follow the manufacturer’s curve 
very closely... .” This statement may be true; however, we would like 
to present the results of some tests which show the spread in car octane 
requirements which we feel were primarily due to differences in ignition 
characteristics. This has been done in Table A. Many other similar data 
are available showing these same effects. Had-more cars of each model] 
been tested, the spread undoubtedly would have been much larger since 
the API cooperative work of 1937 showed spreads of 40 octane numbers 
for the same make and model of car. In view of this information we 
wonder how close the average would reflect the real fuel requirements 
of cars. 

Also, whereas it is believed that spark timing is unquestionably the 
major engine factor which affects relative fuel knock rating on the road, 
there are other engine conditions which must have some influence. To 
illustrate this point Table B has been prepared from some information 
already available. This table shows the effect of various engine condi- 
tions on car octane requirement, which conditions may also have their 
effect on relative fuel knock-rating. We were wondering if the authors 
have any information on the effect of combustion-chamber deposits, con- 
dition and type of spark plugs, and condition of valves. 

In connection with car “severity,” the authors claim that it will vary 


Table A (Eisinger discussion) — Octane Number Spread for Same 
Make and Model Car 


Make and Year No. of Cars Tested 


Octane No. Spread 


Car A 1934 2 5 
Car A 1935 3 13 
Car A 1936 j 10 
Car A 1937 3 1] 
Car A 1938 2 6 
Car B 1934 2 4 
Car B 1935 2 4 
Car B 1936 4 ll 
Car B 1937 3 26 
Car B 1938 2 8 
Car C 1934 2 3 
Car C 1935 3 9 
Car C 1936 } 9 
Car C 1937 4 8 
Car C 1938 2 4 
Car D 1935 2 1 
Car D 1936 3 3 
Car E 1934 2 7 
Car F 1936 2 8 





Car 
Make and Year 
Car A 1937 
Car A 1938 
Car B 1937 


Engine Condition 
Oil distributor 
Oil distributor 
Breaker points burned, leaky con- 


denser, broken rotor in distributor 


Car B 1938 
Car B 1938 
Car C 1937 
Car C 1938 


25,000 miles of carbon 

3200 miles of carbon 

Spark setting 3 deg advance 

- Old spark plugs 

Car C 1938 Air-fuel ratio 13.5:1 

Car C 1938 Old distributor and spark plugs 

Car C 1938 Valves needed grinding and 
10,000 miles of carbon 

Car C 1938 Spark setting 3 deg advance 

Car D 1937 Spark setting 3 deg advance over 

factory setting; breaker points 

burned; highspot on automatic 

advance bearing 


‘-) 


Table B (Eisinger discussion) — Effect of Engine Variables on Car Octane Requirements 


Decrease in 


Adjustments to Engine Octane Requirements 


New distributor 3 
New distributor 7 
Replaced breaker points. conden- 1] 
ser, and rotor 

Carbon removed 12 
Carbon removed and valves ground 12 
Spark adjusted to factory setting 3 
New spark plugs 6 
Air fuel ratio 11.8:1 3 
New distributor and spark plugs 7 
Carbon removed and valves ground 3 
Spark adjusted to factory setting 5 
Spark adjusted to factory setting, 15 


breaker points replaced, auto- 
matic advance bearing replaced 
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Table C (Ejisinger discussion) -Car Road Knock Appreciation 
Car 


Octane-Number Difference 


Make and Year Road Minus Road Minus 
Motor Research 
Car D 1935 (low compression) 10.6 4.5 
Car D 1935 (high compression) 2.9 —2.8 
Car C 1937 38 —2.2 
Car C 1938 6.5 0.5 
Car B 1938 4.2 —1.4 
Car A 1937 2.1 —6.7 
Car A 1938 2.6 2.9 


over wide limits between cars of the same make and model and, there- 
fore, relative fuel differences will vary, depending on the condition of 
the engine. We believe this statement to be true but have no direct data 
to substantiate it. However, we do have some data on relative car 
“severities” which may be of interest in this connection. These data are 
presented in Table C. The fuel sensitivity was maintained practically — 
about 6 octane numbers —constant, over a wide octane range so that 
each car could be tested when adjusted to factory recommendations, It 
is interesting to note that the 1938 car model, in every case, gave higher 
road appreciation than the corresponding 1937 model. Also, the effect 
_ that the authors observed, that the higher compression ratios tend to 
diminish the road appreciation of sensitive fuels, is demonstrated clearly 
by the results obtained on the 1935 model of Car D. The standard com- 
pression ratio engine showed a 10.6 road octane number appreciation 
over the CFR rating, whereas the high-compression-ratio engine showed 
only a 2.9 octane number appreciation. It is realized that these results 
are based on tests of only one car and should be checked further on 
other cars. However, it appears that perhaps the authors may be correct 
in their statement: that the advantage now enjoyed by cracked 
fuels over straight-run fuels may diminish rapidly if compression ratios 
of engines are increased materially.” 


*‘Seizure-Delay’’ Method for Determining 
the Seizure Protection of EP Lubricants 
(Concluded from page 200) 

It is thus seen that, generally, the protection against seizure 
is not determined exclusively by the given combination of 
lubricant and rubbing surfaces (which combination only de- 
termines 7, and f, beforehand), but also to a certain extent 
by T», which may depend largely on operating conditions, 
time, and on external conditions, such as the rate of heat 
transmission to the surroundings, and thus may sometimes 
vary considerably in practice. Hence, in principle, no single 
classification of ETP lubricants will hold good exactly for all 
practical conditions. This condition is illustrated for various 
bulk temperatures T,,, in the following table for two different 
hypothetical lubricants 4 and B, each with imaginary values 
of and fo: 

Protection against 


Lubricant | Temperature | Coefficient Seizure 


at Seizure, of friction 


| T.,inC before | S = a - nk 
seizure, Jb 
f, | at 7, = at Tm = 
; 50C 100 C 
A 200 0.05 3000 2000 
B 320 0.10 2700 2200 


It should be noted that, without applying the criterion of 
the protection against seizure, it would be impossible to de- 
cide which of the two lubricants was the better, even if the 
same bulk temperature were assumed for both. Equation (4), 
applied in the table, shows that at a bulk temperature of 50 C, 
Lubricant A is the better, whilst at T,,, = roo C, Lubricant B 
is the better. 

It is seen from these hypothetical cases that, in principle, 
the order of rating lubricants depends also on the bulk tem- 


Te 
—- and the 


b 


variations thereof are in many important practical cases rela- 


perature T,,. However, the absolute value of 


tively small compared with 7. so that no serious mistake will 
} 


be made in the relative rating of ETP lubricants if the pro- 


tection against seizure is judged by the expression 
Jo 

Considerable difficulties are involved in measuring T, and 
fy separately in actual gears; however, much can be learned 
with regard to the relative rating of lubricants by determining 
the loads at which seizure occurs at definite speeds, if the bulk 
temperature of the gears is kept constant. This is the reason 
for the temperature of the oil being kept constant in the tests 
referred to in Figs. 11 and 12 for the Chevrolet hypoid gears. 

On the other hand, whilst measuring T, and f, separately 
on laboratory apparatuses is difficult too, a reliable indication 


for the quotient may be attainable; this will be illustrated 


for the Four-Ball apparatus in the following: 
As on the Four-Ball apparatus, for a few seconds after the 
starting-up time (as stated previously), t2 may be neglected, 
s Grte «¢ 
> may be represented by a a 
these few seconds. 


seizure occurs within 


As, moreover, for these few seconds up to seizure, the 
initial temperature of the balls, which is equal to the ambient 
temperature fo, is small as compared with f¢; and varies only 


Meany 
between narrow limits, —— may then be taken as a measure for 


the protection against seizure on the Four-Ball apparatus. But, 


according to Equation (3), this value of is a function of 


the load O only. Therefore it will be apparent that the pro 
tection against seizure can be measured on the Four-Ball appa 
ratus by taking as a criterion the load at which the seizure 
delay is slightly longer than the starting-up time. At 1500 
rpm of the top ball a characteristic seizure delay of 2! sec, so 
far, has appeared to be the best compromise and, in this way, 
the so-called 2'4-sec seizure load has been arrived at. 

The selection of the speed of 1500 rpm for the standard 
tests was, to some extent, arbitrary. Prior to choosing this 
speed, experiments at different speeds had shown, however, 
that the 24-sec seizure load appeared to decrease at increasing 
speeds in a relation which was in perfect agreement with the 
hypothesis that each given combination of rubbing materials 
and lubricant shows under ETP-lubrication conditions a char 
acteristic “temperature at seizure,” being to a large extent 
independent of load, speed, and temperature of the lubricant 
“in bulk” (as long as this “bulk” temperature does not chem 
ically affect the lubricant). 

It already has been shown that the results on the Four-Ball 
apparatus obtained according to the seizure-delay method, 
which method now is seen to be based on the considerations 
of temperature at seizure and protection against seizure, check 
promisingly -vith results on actual hypoid gears (see Fig. 11). 

It may be expected that the application of the seizure-delay 
method to other ETPL testers will lead to equally good re 
sults, provided that due precautions can be taken. In this 
respect it may be mentioned that, when applying the conven 
tional test methods (for instance, the well-known method of 
increasing the load at a constant rate during the test), it is 
very difficult in working out the test results to give due con 
sideration to the great influence of the local temperature on 
the occurrence of seizure; by applying appropriately the 
seizure-delay method, a good relative measure of the protec- 
tion against seizure is as it is furnished automatically in terms 
of load. Quite in agreement with the foregoing views is the 
fact that, whilst the disturbing influence of the bulk tempera- 
ture seems to be highest on the Timken machine, less on the 
SAE machine and practically nil on the Four-Ball apparatus 
(with their respective test methods), the extent of correlation 
with hypoid gears is in the reverse order. 


























Ten Years Service Experience with 
Alclad Materials in Aircraft 


By Frederick C. Pyne 


Aluminum Co. of 


HIS paper points to the necessity for re- 

liability in materials for aircraft construction 
and to the increasingly pressing demand for more 
satisfactory and reliable materials to meet rapidly 
advancing performance requirements. It goes on 
to discuss how the Alclad materials have come for- 
ward to meet these demands and the tangible re- 
sults obtained in so doing. 


The nature and technical characteristics of the 
Alelad materials are described with particular 
emphasis placed on the electrolytic processes 
which, to a great extent, determine the ability of 
these materials to resist corrosion. 


Laboratory, weather-exposure, and tidewater- 
immersion tests, demonstrating the outstanding re- 
sistance to corrosion of the Alclad materials. are 
cited. 


HE ability of aircraft to function satistactorily depends 

largely upon their reliability. The materials from which 

they are constructed must, therefore, not only perform 
the tasks set for them but must do so consistently. As aircraft 
performance has reached new heights, the demands for mat« 
rials which adequately meet structural requirements and 
which are highly dependable have become increasingly more 
insistent. Since economy of construction and maintenance, as 
well as dependability, cannot be overlooked, these demands 
have been in the nature of a challenge to the supplier of 
materials for aircraft. The Alclad materials were brought for 
ward about ro yr ago in order to meet this challenge. It is the 
purpose of this paper to show the tangible results obtained 
through the use of the Alclad materials in meeting this chal 
lenge. It should be pointed out here that the Alclad materials 
are a group of materials of a general class of aluminum-alloy 
products and that the word “Alclad” is a trademarked name 
intended to designate materials of this class manufactured by 
the Aluminum Co. of America. 

In general, the nature and functioning of Alclad materials 
are quite well understood by the aircraft industry. Since some 
misconceptions have arisen, however, which indicate that 
there is lack of complete understanding in some quarters, we 
are, at the risk of repetition, presenting some material regard 
ing the technical characteristics of these materials. Alclad 
materials are commercially available in sheet form; hence, this 
discussion will be limited to Alclad sheet. 


[This paper was presented at the National Aircraft Production Meeting 
of the Society. Tos Angeles. Calif., Oct. 13, 1938.] 
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Fig. 1 shows a cross-section of a piece of Alclad sheet. From 
this illustration, it is seen that the material is duplex in char 
acter, consisting of a center portion or “core” to which have 
been metallurgically bonded thin layers of material of another 
composition. The coating is alloyed and integral with the core. 

A more careful examination of Fig. 1 will reveal other im 
portant features. The first of these is the so-called “diffusion 
zone.” This zone is the narrow layer located at the interface 
ot the coating and the core and which partakes, to some de 
gree, of the nature of each and constitutes the bond between 
the coating and the core metal. Fig. 1 represents specifically 
a piece of Alclad 24S-T sheet; that is, it is a duplex material 
having a 24S-T aluminum-alloy core with coatings of rela 
tively high-purity aluminum. In this case the thickness of the 
surface coating on each side is 54% of the total thickness of 
the sheet, which is the usual commercial thickness. Emphasis 
here should be placed on the important feature that the coat 
ing is a percentage of the total sheet thickness and not a fixed 
amount. Coating thickness, therefore, may be expressed as a 
direct function of total sheet thickness. The unit strength of 
Alclad sheet of a given grade, temper and percentage coating 
thickness, therefore, will not vary with the gage of the sheet. 
Alclad sheets are not confined to one core or to one coating 
composition or to a fixed percentage of coating thickness. Sev 
eral grades and tempers are available, as will be discussed 
later. 








Fig. |-This complete cross-section of a specimen of Alclad 
24S-T sheet illustrates the duplex character of the Alclad 
material — Magnification, 100X; Etch, HF-HCI-HNO. mixture 
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Attention now will be directed to the coating and to the 
interaction between the coating and the core, since herein lies 
the most significant feature of Alclad sheet. The coating is 
usually of relatively high-purity aluminum or some aluminum- 
alloy composition which is highly resistant to corrosion. In 
this respect, the coating acts, by virtue of its covering action, 
to protect the underlying core. However, this is not its only 
function. In the case of the general classes of Alclad sheet 
with which we are concerned, the coating possesses an appre- 
ciably higher electrolytic solution potential than does the core. 
Hence, in the presence of an electrolyte, as for example salt 
water, the coating tends to protect electrolytically exposed 
portions of the core, such as cut edges, abraded areas, or areas 
exposed as a result of corrosive pitting of the coating. This 
action is shown schematically and practically in Fig. 2. In 
fact, the relatively simple experiments illustrated may be per- 
formed by any interested investigator. These experiments will 
demonstrate that the coating material, with its higher elec 
trolytic-solution potential than the core material, will, in the 
presence of an electrolyte, act to protect the core material. In 
fact, an examination of the specimens illustrated in this figure 
will show that the combiaation of relatively high-purity alu- 
minum and 17S-T, shown in the center, when exposed to a 
highly corrosive medium, has resulted in complete electrolytic 
protection of the 17S-T portion, which is the straight member 
of the specimen. By comparison, the specimen made entirely 
from 17S-T (left) has suffered noticeable corrosion when 
exposed to the same corrosive conditions for the same length 
of time. The specimen at the right, which is entirely of high 
purity aluminum, has also suffered to some extent. 


Action Under Corrosive Influences 

Special notice should be taken of the action of Alclad sheet 
under corrosive influences. The coating, although resistant to 
corrosion, is subject to pitting action if exposed for a sufficient 
length of time to a corrosive environment without adequate 
maintenance. A pit, once started, will grow if exposure to the 
corrosive action is continued. In time, the pit may penetrate 
to the diffusion zone, and here electrolytic influences will 
come into play. The diffusion zone, since it partakes of the 
properties of both the coating and the core, is intermediate in 
electrolytic solution potential between the two; hence, as the 
diffusion zone is approached, the difference in solution poten- 
tial between the top and bottom of the pit increases. If the 
electrolyte, in the form of the corrosive medium, is still pres- 
ent, the result is to cause a small current to flow from the level 
of the higher potential to that of the lower potential. This 
action electrolytically protects the bottom of the pit. The pit, 
therefore, gradually extends parallel to the surface, although 
this action is confined to the coating only, and so will not 
penetrate deeper. Since the mechanical strength of the duplex 
material is confined almost entirely to the core, the mechan- 
ical properties of the material, after such action has occurred, 
are practically unimpaired. A good illustration of this point 
is the resistance of the Alclad materials to penetration by 
corrosive influences. This resistance results from the tendency 
of the corrosion attack to confine itself to the coating because 
of the electrolytic nature of the phenomenon just described. 

That appreciable amounts of the coating can be removed 
and: protection still exist, is indicated in Fig. 3. Here, areas 
up to 1 in. in diameter have been removed intentionally and 
the specimens exposed to total immersion in a salt-hydrogen 
peroxide solution, such as is frequently used for accelerated 
corrosion testing, for a period of 28 days. Examination of the 
areas, from which the coating was removed, at the termination 
of this exposure period has shown definitely that no corro- 
sive deterioration has occurred within these areas. At this 
‘juncture, it should be pointed out that the magnitude of these 


electrolytic effects depends not only upon the electrolytic solu 
tion potential differences involved, but also upon the nature 
of the electrolyte, particularly as regards its conductivity. In 
other words, if the solution potential differences are small and 
the electrolyte one of low conductivity, then the phenomenon 
will occur at a greatly reduced rate, or possibly not at all. It 
should be pointed out here, however, that weak electrolytes, 
which are low in electrical conductivity, are not generally very 
corrosive to aluminum and, although the amount of electro- 
lytic protection afforded may be reduced, the corrosive influ- 
ences involved are generally not sufficiently severe to cause 
concern. As a service illustration of the protective action of 
the coating under conditions where a mild electrolyte is the 
corrosive agent, attention is directed to the fact that, on the 
Navy metal-clad dirigible, ZMC-2, which has been exposed to 
various atmospheric conditions for approximately 10 yr, the 
Alclad 17S-T skin covering, nominally only 0.0095 in. thick, 
still is receiving electrolytic protection, even though dissolu 
tion of the coating over some areas approximately 14 in. in 
diameter has occurred. The skin covering of this ship shows 
evidence of widely distributed small pits confined to the coat 
ing. Numerous mechanical property tests of specimens cut 
from various parts of the skin covering have demonstrated 
that the material has suffered no significant loss in strength. 

This electrolytic protection afforded by the coating has a 
further important service characteristic and that is that, by the 
process just described, the coating, in the presence of an elec 
trolyte, will protect electrolytically not only cut edges and 
exposed areas, but adjacent members whose electrolytic solu 
tion potential is lower than that of the coating, such as for 
example, rivet heads, the immediately adjacent portions of 
extruded stringers, bolt heads, nuts, and so on. In a similar 
manner, spotwelds produced in Alclad sheet are protected 
quite effectively. Spotwelded specimens of bare Alclad mate 
rials exposed at the seashore to salt air or salt-mist conditions 
for a period of 3 yr showed no significant losses in mechanical 
properties. This action may result in some dissolution of the 
adjacent coating which is not structurally harmful. 

Let us now devote attention to some of the practical aspects 
of the principles that we have just described. Fig. 4 is a 
photomicrograph of a complete cross-section of a piece of 
Alclad 24S-T sheet, taken from an aircraft after approximately 
7600 hr (3 yr) of continual service, partly along the seacoast. 
The surface attack illustrated in this micrograph is quite 
typical of the superficial corrosion which may occur on the 
surface of Alclad sheet. You will note the hills and valleys in 
the micrograph, which also would be quite evident if the sheet 
were examined under a magnifying glass. This peak-and 
valley effect, observable on the surface, is very good evidence 
that corrosion of a harmful nature has not occurred. The 
reason for this typical form of attack is that, during the heat 
treatment of the sheet, the alloying elements of the core diffuse 
more rapidly along the grain boundaries. Under corrosive 
conditions, the coating surface, into which the alloying ele 
ments have not diffused, may corrode but, when the diffusion 
zone is reached, the corrosion stops because of electrolytic 
action. Thus, the peaks in Fig. 4 are the grain boundaries 
where diffusion has reached the surface, and the valleys are 
the areas within the grains where the diffusion has been less 
rapid. 

After it is recognized that the diffusion zone offers a second 
line of defense against corrosion, when a condition of this sort 
is noted, it should be clearly evident that superficial corrosion 
of the surface coating only has occurred and that the sur 
rounding coating is protecting the diffusion zone against 
further penetration. Under severe conditions when this pro 
tection fails, then there still remains the diffusion zone to 
protect the core electrolytically, wherein resides the strength. 
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In this particular instance it seems safe to predict that the 
structural integrity of this material will not be aflected 
throughout the useful life of the airplane, even though no 
cleaning or maintenance is resorted to. However, it must also 
be evident that, had this surface been maintained properly, 
even the small amount of superficial corrosion observed would 
have been reduced greatly and the undesirable pitted appear 
ance of the surface could have been avoided. 

Before passing to the service evidence of the resistance ol 
Alclad sheet to corrosion, a brief discussion of its inherent re 
sistance to corrosion, as demonstrated by laboratory, weather 
exposure, and tidewater-immersion tests, should not be out of 
place. Fig. 5 illustrates specimens of 14-gage Alclad 17S-T 
sheet which have been exposed continuously to 20% salt spray 
for 10 yr. Although the coating has been pitted to a notice 
able degree, mechanical-property tests of duplicate specimens, 
after 8 yr of continuous exposure, revealed no significant 
losses in mechanical properties. Since it is intended to con 
tinue the exposure of these specimens for a considerably longer 
period, no mechanical-property tests were conducted at the 
end of the 10-yr period although, from examination of the 
specimens, there is good reason to believe that no significant 
losses have, as yet, occurred. 


Tests also were conducted to determine the effect of corro 


sive influences on riveted joints. After continuous exposure 


for 4 yr and 1 month to 34% sea salt spray, followed by 


exposure of 1 yr and 1 month to 20% salt spray, no losses in 
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Fig. 2—The schematic diagram (above) shows the arrange- 
ment to be used to indicate potential relations between coat- 
ing and core of Alclad materials 


The test specimens after corrosion (below) show the elec- 

trolytic protection of 17S-T portion of center specimen by 

high-purity aluminum element. The 17S-T element is the 
straight piece in the specimen 
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strength were observed. The materials employed were Alclad 
17S-T sheet and 17S-T rivets. 

Weather-exposure tests have been conducted during the 
past decade by a number of investigators, including the Na 
tional Bureau of Standards (for the National Advisory Com 
mittee for Aeronautics), the U. S. Army Air Corps, the 
American Society for Testing Materials, and the Aluminum 
Co. of America. The National Advisory Committee for Aero 
nautics Technical Report No. 490, released in 1934, states: 
Protective coatings of aluminum are undoubtedly to be rec 
ommended whenever corrosive conditions are severe. Alclad 
type products were found to be highly resistant to corrosive 
attack and exhibited no consistent deterioration throughout 
the maximum duration of the exposure tests.” 
were conducted over a 5-yr period. 

The Twenty-second Annual Report of the National Ad 
visory Committee for Aeronautics states: “The Alclad mate 
rials have proved very resistant under all conditions imposed 
upon them. These various classes of alloys can be depended 
upon to give eminent satisfaction over the stipulated minimum 
5 yr of service life of aircraft.” 

The War Department, Air Corps, Engineering Section, 
Report No. M-56-2802, Parts I and II, presents results ob 
tained on tidewater immersion racks at Miami, Fla. The 
following statement appears in this report: “The aluminum 
covered (Alclad) alloys of this type showed no evidence ot 
corrosion after an exposure of 8 months.” 


““c 


These tests 








Fig. 3—Sections of '/g-in. Alclad 17S-T sheet with areas from 
which the pure aluminum layer has been removed by machin- 
ing. The specimen was exposed to corrosion by total immersion 
in salt-hydrogen peroxide solution for 28 days. Although the 
coating has become pitted as a result of electrolytic action, 
the core and the exposed areas are in sound condition 


Fig. 4— Complete cross-section of a piece of Alclad 24S-T 
sheet taken from an aircraft after approximately 7600 hr 
(3 yr) continual service, partly along seacoast. Note peak- 
and-valley effect of the superficial corrosion on Alclad coat- 
ing — Magnification 100X; Etch, HF-HCI-HNO, mixture 
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Fig. 5— These specimens of 14-gage Alclad 17S-T sheet were 
exposed continuously to 20% salt spray for 10 yr 


Fig. 6—The spotwelded Alclad 24S-T specimen (above) was 
exposed continuously to 20% salt spray for 10 yr 
The micrograph (below) shows a cross-section of the above 
specimen. Note that the superficial attack is confined to 
the Alclad coating —- Magnification 100X; Etch, HF-HCI- 
HNO: mixture 














Fig. 7—Alclad 24S-T panel with various attachments exposed 
in tide-water test at Miami, Fla., for | yr 


Fig. 8- Appearance of one side of test box made from 1|4- 

gage Alclad 24S-T sheet exposed for 26!/2 months in Edge- 

water, N. J., alternate-immersion test. Note the superficial 

corrosion apparent in areas near the waterline. Tests showed 
no significant losses in mechanical properties 
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The most recent report (1938 preprint) of Sub-Committee 
VI, Committee B-3, of the American Society for Testing 
Materials presents data resulting from the exposure of No. 20 
B&S gage Alclad 17S-T specimens for a period of 6 yr at nine 
different locations throughout the United States. Atter expo 
sure, the mechanical properties of the six specimens at each 
station were obtained and averaged. The average values ob- 
tained were compared with the average of six blanks stored at 
the National Bureau of Standards and tested at the same time 
that the exposed specimens were tested. ‘The report sum- 
marizes the net losses in mechanical properties at the various 
stations and clearly indicates that the La Jolla (Calif.) station 
is by tar the most corrosive for aluminum alloys. However, 
at this station, “aluminum-coated duralumin (Alclad 17S-T) 
has shown no reduction in strength after the exposure of 6 yr. 
Since even commercially pure aluminum has developed small 
losses during this same period, the results are obviously a real 
tribute to the effectiveness of the resistance to corrosion ot 
Alclad sheet. 

Figs. 6 to 8, inclusive, show a series of specimens removed 
from atmospheric, tidewater-immersion, and alternate-immer 
sion tests conducted by the Aluminum Co. of America. Care 
ful examinations of these specimens, which have undergone 
the exposures indicated in the following, have 
deterioration from corrosion: 


indicated no 


Atmospheric, Point Judith 
Tidewater-immersion, Miami 


3 yl 
I yi 


Alternate-immersion, Edgewater 264%, months 


As was the case with the tests conducted by the other investi 
gators mentioned, none of these specimens has been given any 
protective coatings. 

One of the earliest uses of Alclad materials in aircraft, and 
one which is of particular interest because the material is of 
very light gage and is still in service, was in the construction 
of the Navy metal-clad dirigible, ZMC-2. This craft was de 
livered to the U.S. Naval Air Station at Lakehurst in the sum 
mer of 1928. The covering was composed of Alclad 17S-T sheet 
with a nominal thickness of 0.0095 in. From time to tim« 
specimens have been removed from the covering of this ship, 
and mechanical property tests conducted by the National 
Jureau of Standards. The last tests were conducted early in 
1938 and, in spite of the very thin gage of the material, no 
significant losses in strength were reported. The ship is re 
ported structurally sound after nearly 10 yr of service life. To 
this must be added the important fact that the Alclad sheet 
covering is not painted nor otherwise protected from  th« 
elements. 

The Ford trimotor transports, built in 1928 and 1929, 1n 
most instances, were covered with unpainted Alclad sheet. 
Many of these ships were in active service for periods up to 
about g yr on various foreign and domestic airlines. Some ar 
still flying. There have been no reports of serious corrosion of 
the Alclad sheet on these ships. Numerous examinations of 
these aircraft, having up to about 9 yr of service, have revealed 
the Alclad materials used in their construction to be sound 
and structurally unaffected by corrosion. 

It is common practice to deliver modern transport aircraft 
intended for overland operation, with the Alclad materials 
used in their construction left either entirely free of protective 
coatings or with only the remains of simple one-coat paints, 
applied primarily to avoid abrasion and marring during fabri 
cation, left on the interior portions. That this practice has 
proved satisfactory and reliable has been evidenced by numer 
ous inspections of overland transports in service. No evidence 
of destructive corrosion, as the result of normal atmospheric 
conditions, has been reported. Shortly after the adoption of 
this general scheme for employing Alclad sheet in the con 
struction of overland transports, W. A. Hamilton, superinten 
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dent of maintenance of Transcontinental & Western Air, Inc., 
reported as follows: “Our experience with bare Alclad sheet 
during the 2 yr our Douglas DC-2 planes have been in oper 
ation has been very satistactory, and it has proved its struc 
tural durability as well as the ease with which its lustrous 
appearance is maintained.” The letter from which this quota 
tion is taken was written in 1936, and recent visits to the 
TWA base at Kansas City have indicated no change in the 
situation. Careful observation of conditions on other airlines 
operating equipment similarly treated has indicated that com 
parable conditions quite generally exist. 


Submerged Five Months 

An interesting example of the ability of a standard com 
mercial transport, made largely from unprotected Alclad 
materials, to resist corrosive effects was brought out as the 
result of the accidental crash of a standard commercial trans 
port aircraft into Great Salt Lake. The aircraft was lost in 
the lake on Oct. 6, 1935, and remained submerged until 
located on Feb. 27, 1936, a period of approximately 5 months. 
The ship was salvaged and sent to Alameda, Calif., for 
examination. Several inspections were made by qualified per 
sonnel from the Aluminum Co. of America. After the air 
plane had remained approximately 6 months at Alameda, 
representative assemblies were examined in detail by the 
Aluminum Research Laboratories. The tests revealed no evi- 
dence of structural deterioration of any of the Alclad material 
examined, despite the fact that the greatest protection afforded 
in any case was one coat of a clear varnish, existing only on 
the inside surfaces. An outstanding feature of the examina 
tion was that the rivet heads, extruded stringers, elastic stop 
nuts, and other like details, had been afforded complete elec 
trolytic protection by the adjacent coating on the Alclad sheet. 
Fig. g illustrates typical assemblies taken from this ship after 
it had been at Alameda for approximately six months. 

The success of the Alclad materials in overland operation 
when employed to a large extent bare of protective coatings, 
has caused consideration to be given to substantial reductions 
in the amount of protective finish given to these same mate 
rials in seaplane service. Careful check-ups on seaplanes in 
which the Alclad parts were given protective finishes, in gen 
eral as covered by Navy Specifications, has indicated that 
corrosion of Alclad materials has been practically nil despite 
long and severe service. One need mention only the Hall 
\luminum Aircraft Corp.’s PH-1 flying boats, operated by 
the Navy since 1932, and the General Aviation flying boats, 
operated by the Coast Guard for a like period, as typical 
examples. Since the safe elimination of such protective fin 
ishes obviously will reduce construction and maintenance 
costs, various tests, simulating service conditions, have been 
inaugurated, looking to the reduction or elimination of such 
finishes. The most interesting of these tests has been the 
exposure for approximately 10 months in seawater at Hamp 
ton Roads, Va., of a main airplane float in which the Alclad 
parts were coated anodically but not painted. During this 
period the float received no maintenance. No destructive cor 
rosion of the Alclad material has been observed. 

Other service tests, consisting of the removal of paint coat 
ings from exterior portions of wing-tip floats, hull bottoms, 
and so on, have been started. So far, no adverse reports have 
been received. In one instance, a wing-tip float, made from 
\lclad materials, was operated bare of external paint coating. 
The float had been coated anodically. Four months after the 
paint was removed, no destructive corrosion was observed, 
and the test is to continue indefinitely. 

Up to now we have been concerned primarily with demon 
strating the ability of Alclad materials to maintain their 
structural integrity as a result of exposure to the atmosphere 
or to salt water. Another matter of importance to the oper 
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ator is the question of maintenance of a pleasing appearance. 
Much experience has been gained by the operators of overland 
craft, since the majority of these craft are now being fur- 
nished with the exterior portions of the Alclad materials bare 
of paint or other protective coatings, except for markings and 
insignia. The practical solution to this problem has been 
periodic washing or scrubbing with washing compounds or 
polishing agents which do not have harmful chemical actions 
on aluminum and are not highly abrasive. In some instances, 
the use of solvents has been necessary to remove deposits left 
by grease, oil, exhaust fumes, and carbonaceous products from 
the engines when and where present. These procedures ap 
pear to have been, in general, reliable, satisfactory, and rela 
tively economical. 

Obviously, in the case of seaplanes, corrosion conditions are 
more severe than in the case of land planes and, although the 
maintenance-of-appearance problem may become somewhat 
more difficult, the same general principles apply as in the case 
of land pianes. Tests have demonstrated that anodic coatings, 
applied to exposed surfaces of Alclad materials which are not 
otherwise protected, will enable the operator to maintain a 
pleasing appearance with greater ease than if the surfaces 
were not coated anodically. Light films of oil also will be 
beneficial in avoiding superficial attack of the coating be 
tween cleanings. 

Questions have been raised with respect to slight variations 
in color and texture of Alclad sheet. This variation may, in 
some instances, be observed from lot to lot and, in other in 
stances, from piece to piece. These variations are the natural 
consequences of manufacturing operations, although every 
effort is made to limit them, especially in the case of Alclad 
sheet known to be intended for exposed areas, such as wing, 
fuselage, and control-surface covering. In service, variations 
in match tend to disappear as the result of continued clean 
ing, maintenance, and weather exposure. 

Related to the matter of appearance is the subject of 
scratches in Alclad sheet. The surface coatings are relatively 
soft; hence they are scratched or marred more easily than is 
the case with harder materials. Manufacturers of aircraft have 
found it advantageous to coat Alclad material with a suitable 
one-coat painting at some convenient time during processing 
for the purpose of reducing the chances of scratching or abra- 
sion of the coating during manufacture of the airplane. The 
exterior areas, from which such a coating is removed readily, 
are stripped of the coating after the plane has been assembled; 
these surfaces are then rubbed bright. The coating usually is 
left on the interior and more or less inaccessible portions. 
These one-coat applications of paint are relatively inexpensive 
to apply and simplify the handling of the sheet parts in 
process. They usually are applied to heat-treated Alclad sheet 
when it is received and to parts formed from annealed Alclad 
sheet after they have been heat-treated. The coating has the 
further merit of preserving the appearance of interior and 
inaccessible locations during service. 

Some concern has been expressed as regards the effects of 
scratches in Alclad sheet, although data available fail to 
justify such concern. So far as their effect on the resistance 
to corrosion is concerned, we have merely to point to the tests 
previously described and to the results of service observation. 
It is quite apparent that the relatively small area of the core 
which may be exposed as the result of a severe scratch is pro- 
tected electrolytically in the same manner that cut edges and 
other exposed areas of the core are protected. 

Tests to determine the effects of scratches on the mechan- 
ical properties of Alclad sheet have been conducted. Fig. 10 
illustrates the apparatus used in preparing the specimens for 
testing. It is seen that this apparatus consists merely of a 
scribe, upon which varying amounts of weight may be im- 


posed by varying the amount of shot in the can. The scribe 
is drawn manually across the specimen to be tested, using the 
edge of a ruler as a guide. In this manner, varying degrees 
ot scratching may be obtained under controlled conditions. 
In this test, an 8-lb weight, used in the manner indicated, was 
insufficient to penetrate the coating on gages of Alclad 248-T 
sheet as thin as 0.032 in. A 12-lb weight was found quite 
generally to penetrate the coating in most instances up to 
0.091 in. thick. Fig. 11 is a composite photomicrograph at 
100 diameters which illustrates the depths of various scratches 
imposed by different weights on 0.091 in. thick Alclad 24S-T 
sheet. The weights used in producing the various scratches 
are indicated in order from top to bottom as follows: 1, 1, 2, 
4, 8 and 12 lb. Although difficult to show on the illustration, 
the scratch produced by the 4-lb weight may cause concern to 
the casual inspector not familiar with its actual significance. 
Actually the scratch has extended only a little more than one- 
half way through the coating. 

Fig. 12 illustrates tensile specimens which were prepared 
from 0.091 in. thick Alclad 248-T and which contained vary- 
ing depths of scratches. Three specimens were blanked out 
from areas, containing different sized scratches, in such a 
manner that one specimen had the scratch midway between 
the gage marks, one had the scratch outside the gage marks 
and one had the scratch just inside the gage marks. Four 
blank specimens (scratch-free) were tested from the same 
sheet along with the three containing scratches from the 
application of the 8- and 12-lb weights to the scribe. None 
of these scratched specimens failed through the notches caused 
by the scratches. Neither were the mechanical properties of 
the material significantly affected by the scratches. The test 
data obtained in this investigation are shown in Table 1. 
These data are rather conclusive evidence that Alclad sheet 
obtains all of its strength from the alloy core and that the 
condition of the coating has no effect upon the static tensile 
properties as long as the core remains unaffected. 

Because scratches are known to produce a notch effect, 
which may adversely affect the endurance limit, one might 
reasonably question whether or not a scratch in Alclad sheet 
would have a similar effect. Let us, first of all, consider 
scratches which are confined only to the coating. Theoreti 
cally, such a scratch might be considered a stress raiser. How 
ever, there is no service evidence known to the Aluminum 
Co. of America to demonstrate that such is the case. The 
coating on Alclad sheet has of itself a very low yield strength, 
coupled with considerable ductility. This consideration, 
coupled with the apparent total lack of any evidence from 
service to the effect that scratches which do not penetrate the 
coating in Alclad sheet tend to promote fatigue failures, leads 
one to the conclusion that such scratches have a negligible, if 
any, effect on the ability of the material to resist fatigue. 
Furthermore, scratches in Alclad sheet seldom penetrate to 
the core and, when they do, they seldom penetrate deeply. 

The heat-treatment of Alclad sheet occasionally may result 
in the formation of small surface blisters —- sometimes referred 
to as “coating blisters.” Other than their possible effect on 
the appearance of the sheet, they are not harmful. Tests have 
shown that these blisters do not impair the mechanical prop 


Table 1- Mechanical Properties of 0.091 Inch Thick Alclad 
Sheet After Intentional Deep Scratching of the Coating as 
Compared with Unscratched Material 


Tensile Yield 
No. of Strength, Strength, Elongation, 
Sample Tests lb persqin. lb persqin. %in2in. 
Unscratched 4 62,540 42 320 20.0 
Seratched with 12-lb weight 3 62,660 41,920 20.5 
Scratched with 8-lb weight 3 62,640 42 680 20.5 
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Fig. 9—These typical assemblies including Alclad sheet were 

taken from a transport aircraft that accidently remained sub- 

merged in Great Salt Lake for 5 months, followed by 6 months’ 
exposure at Alameda, Calif. 


Fig. 10-—This apparatus is used in preparing specimens for 
tests to determine the effect of scratches on Alclad sheet 


erties of the material. They have no effect upon resistance to 
corrosion because they are so small in size that their area 
appreciably less than the exposed area of core which the coat 
ing will protect electrolytically; hence, even an open blister is 
not an invitation to corrosion. 

Any material may be damaged by abuse. Although Alclad 
materials are far from temperamental in their reaction to 
abusive practice, there are certain principles to bear in mind 
when handling them in order to secure the full benefit of 
their potentialities. 

Previous mention has been made of the diffusion zone. 
The width of this diffusion zone will be increased by con 
tinued or repeated heating at elevated temperatures. This 
condition is caused by a migration of certain of the alloying 
metals in the core, such as copper, into the coating, when the 
material is held at elevated temperatures. The rate of migra 
tion is a function of both time and temperature. At the heat 
treating temperature (g10-930F for Alclad 24S-T), partial 


Ss 


diffusion will have reached the surface after a total time of 


1, hr in the case of No. 20 B&S gage sheet (0.032 in. thick). 
This time is shorter for thinner gages and longer for heavier 
gages. As diffusion progresses further, the difference in elec 





Fig. |!1—This micrograph illustrates the depths of various 

scratches imposed by different weights on 0.091 in. thick Al- 

clad 24S-T sheet. The weights used in producing the various 

scratches are indicated in order from top to bottom as fol- 

lows: '/2, 1, 2, 4, 8, and 12 lb—Magnification, 100X; Etch, 
HF-HCI-HNO; mixture 


Fig. 12—These tensile specimens were prepared from 0.091 in. 
thick Alclad 24S-T sheet which contained varying depths 
of scratches 


trolytic solution potential between the coating and the core 
decreases, thereby reducing the inherent resistance to corro 
sion of the Alclad sheet so treated. It is, therefore, not desir- 
able to hold the material at elevated temperatures any longer 
than is necessary in order to develop the specified mechanical 
properties for the heat-treated product. This matter also 
should be considered when Alclad sheet is to be reheat-treated 
several times. 

It has been demonstrated that the electrolytic solution po 
tential of slowly quenched duralumin type alloys (such as 
17S-T or 24S-T) is appreciably higher than is the case with 
rapidly quenched alloys of the same class. For this reason, if 
Alclad 17S-T or Alclad 24S-T sheet is not quenched with 
reasonable rapidity from heat-treating temperature, one runs 
the risk of not only failing to develop specified minimum 
mechanical properties but also of raising the solution potential 
of the core to a point where the difference from that of the 
coating is insufficient to permit adequate electrolytic protec 
tion. Tests have demonstrated, however, that the resistance to 
corrosion of slowly quenched (air quench, spray quench, or 
similar quench) Alclad sheet, quenched with sufficient rapid 
ity to develop minimum specified mechanical properties, is 
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appreciably superior to that of the most rapidly quenched 
heat-treated material of corresponding grade and temper 
without the surface coating. In fact, the service record of 
large quantities of unprotected, air-quenched, Alclad sheet 
which have been used in the construction of land planes 
which are known to have operated for periods up to as much 
as g yr without significant deterioration of the Alclad mate- 
rial having been noted, is evidence of the ability of this 
material to stand considerable improper heat-treatment and 
still retain adequate resistance to corrosion. 

Soundproofing, wood and hygroscopic materials in general 
all have a tendency to absorb moisture and other corrosive 
agents and to hold them in contact with adjacent surfaces. 
When such materials are employed, even in connection with 
Alclad materials, precautions should be taken to provide 
waterproof protective coatings for the Alclad sheet. One 
means of doing this job is to apply, before assembly, to the 
properly prepared Alclad sheet surface which will be placed 
next to the hygroscopic or moisture-absorbing material, corro 
sion-inhibitive zinc-chromate primer, such as the type de 
scribed in Navy Department Specification P-27. To this 
primer should be added several coats of moisture-resistant 
paint, as for example, aluminum paint made by mixing 1 to 
1¥, lb of fine aluminum paste pigment to each gal of varnish 
vehicle. A good varnish vehicle to employ is a synthetic-resin 
type, such as will meet Navy Department Specification V 10-C. 

It is obvious that intimate un-insulated contact of dissimilar 


Table 2-— Available Forms, Grades, Tempers, and Minimum 
Specification Mechanical Properties of Alclad Sheet for Aircraft 


Construction 
Grade Tensile Yield 

and Strength, Strength, Elongation, 

Form Temper Gage, in. lb per sq in. lb per sq in. %in2 in. 
Alclad 24S-T 0.010-0.020 56, 000 37,000 13 
0.021-0.128 56, 000 37,000 16 
0.129-0 250 56, 000 37,000 13 
Alclad 24S-RT 0.020-0.031 58 ,000 46 ,000 8 
0.032-0.040 58,000 46 ,000 9 
0.041-0.188 58 ,000 46,000 10 
Alclad 248-0* 0.010-0.032 30,000 idteky 8 
0.033-0 .064 30,000 mes 10 
0.065-0.250 30,000 jusrane 12 
Alclad 17S-T 0.010-0 .020 50,000 28 000 13 
0.021-0.128 50,000 28 ,000 16 
0.129-0.250 50,000 28 000 13 
0.251-0.500 50,000 28 ,0N0 11 
Alclad 178-RT 0.020-0.031 50.000 37,000 8 
0.032-0.036 50 , 000 37,000 9 
0.037-0.188 50,000 37,000 10 
Alclad 17S-0* 0.010-0.032 30,000 tery 8 
0.033-0.064 30,000 - 10 
0.065-0. 500 30,000 ee 12 
Special Alclad 24S-T**  0.051-0.128 61,000 39,000 15 
0.129-0.250 61,000 39,000 12 
0.251-0.500 61,000 39,000 11 
Special Alclad 24S-0* 0.051-0.064 re 10 
0.065-0. 250 30,000 - 12 
Special Alclad 24S-T 0.051-0.128 60,000 37,000 5 
(As heat-treated from 0.129-0.250 60, 000 37,000 12 
annealed stock but 0.251-0.590 60,000 37,000 1] 

not flattened) 

Alclad (72S) 3S-0* 0.051-0.240 18,500 25 
0.013-0.050 18,500 20 
Alclad (728) 38-14 0.162-0.249 19,000 7 
0.114-0.161 19,000 6 
0.051-0.113 19,000 5 
0.020-0.050 19,000 4 
6.013-0.019 19,000 3 
Alclad (728) 3S-H 0.051-0.161 26,000 4 
0.032-0.050 26,000 3 
0.020-0.031 26.000 2 
0.013-0.019 26, 000 1 





* Maximum annealed tensile strength and minimum elongation are shown 
in order to insure complete annealing. : 
** Coating thickness, 214% of total sheet thickness on each side. 


metals, whose solution potentials are lower in the electro 
motive series than aluminum and its alloys, may, in the pres 
ence of suitable electrolytes, cause electrolytic corrosion of 
aluminum-alloy material. Dissimilar metals and alloys, par 
tcularly those whose basic ingredient is copper or iron, it 
used in intimate contact, should be insulated adequately from 
adjacent Alclad materials. This is a generally accepted corro 
sion-prevention measure applicable to all aluminum alloys and 
is described in detail in U. S. Government Specifications for 
the construction of aircraft. 

Table 2 presents the various forms, grades, and tempers of 
Alclad sheet available for aircraft construction, together with 
minimum mechanical properties as listed in U. S. Govern 
ment or other accepted specifications. Particular comment is 
due the Special Alclad sheet and Alclad(72S)3S sheet. The 
Special Alclad sheet is so designated because the coating 
thickness has been reduced from a nominal 514% on each 
side to a nominal 244% on each side. It is being offered in 
No. 16 B&S gage (0.051 in. thick) and thicker. The obvious 
purpose in reducing the coating thickness is to increase the 
tensile mechanical properties of the material. The dividing 
line has been drawn at No. 16 B&S gage because tests have 
demonstrated that, in this gage and heavier, sufficient prote< 
tion is afforded by a coating thickness of 2% % on each side. 
In fact, the 24%% coating thickness on No. 16 B&S gage 
Special Alclad sheet is roughly the same as the normal coating 
, % on standard Alclad sheet of No. 22 B&S gage 
(0.0253 in. thick). Normal Alclad sheet of even thinner gag 
than No. 22 B&S has proved satisfactory in service. 

Alclad(72S)3S sheet is an unheat-treatable, cold-worked 
duplex-sheet alloy consisting of a core material, having a 
chemical composition the same as standard 3S alloy, with 
coatings on each side of 10% the total thickness of the sheet, 
consisting of an anidiiia: alloy known as 72S which is 
nominally commercially pure aluminum with the addition ot 
1% zinc. The purpose in using an alloy composition for the 
coating in this case is to produce a coating having an electro 
lytic solution potential sufficiently higher than the core to 
afford the electrolytic type of protection characteristic of 
Alclad sheet. The material should find particular application 
in the construction of gasoline tanks which very largely have 
been made from 3S material. As will be noted from the table, 
the mechanical properties of Alclad(72S)3S in its various 
tempers are roughly the same as those of normal 3S alloy in 
corresponding tempers. Its working characteristics, including 
welding characteristics, are quite similar to those of 38. The 
reason that it is particularly useful for the construction of 
gasoline tanks is that water, which may accumulate in gaso 
line tanks in operation, has a tendency to collect at the bottom 
of the tank and may acquire appreciable quantities of heavy 
metal compounds or even heavy metal particles which are 
electrolytically corrosive to aluminum alloys. 


of 5% 


c 


In fact, analyses 
of waters taken from aircraft tanks in service have revealed 
that highly corrosive aqueous mixtures may at times exist in 
the bottoms of aircraft gasoline tanks service. It is not 
always practical to apply organic coatings to the interior of 
tanks and hence an Alclad material with its high resistance to 
perforation by corrosion should obviously be given considera 
tion. Some tanks have been made from the heat-treated alu 
minum alloys and have been of riveted construction. Becaus« 
it is simpler to apply protective coatings to individual un 
assembled sheets and parts than to finished assemblies, tanks 
of this sort are more easily protected by anodic and suitabl 
orzanic coatings on the inside than are welded tanks. Even 
in the case of riveted tanks made from aluminum alloys 
where interior protective coatings are readily feasible, th 
obvious advantages of the added resistance to penetration by 
corrosion of the Alclad material should not be overlooked 




















What Motor 


Cars Can Be 


By William B. Stout 


President, Stout Engineering Laboratories, Inc. 


UTURE motor-car development, Mr. Stout 

contends, will follow the functional art of bus 
and airplane development rather than motor-car 
precedents. The interior instead of the exterior, 
he believes, is the basic thing to be studied, point- 
ing out that passenger room has been growing less 
and less. The car of the future, therefore, he pre- 
dicts, will have an interior that extends out the 
full width of the car with no running boards, will 
have totally enclosed wheels, will have a unit 
frame and body, the engine in the rear, and either 
double or sliding doors. 


The effect of rear-engine construction on ride, 
bounce control, braking, and traction on muddy 
and icy roads is explained. New body materials, 
such as plastics, are looked for on future cars to 
insulate them from the radiant heat of the sun, 
especially for roofs. Mr. Stout sees light-weight 
air-cooled engines in future cars, weighing not 
over 314 lb per hp. The possibilities of rubber 
springs are discussed. 


HIS paper will start by paraphrasing the ttle, “What 
Motor Cars Can Be.” 

In this way a definite engineering program by which 
cars may proceed toward perfection can be laid out easily, 
presupposing no interferences meanwhile from organized 
ignorance which might pass man-made laws to stop this 
progress. 

Foreign cars, as has been said by many foreign engineers, 
are designed by the tax collector, not by the requirements of 
engineering. 

We, in America, of all nations, are allowed to think with 
little interference concerning our designs for automobile 
road _ use. 

Motor buses are approaching today a greater standardiza- 
tion by the politician rather than by the engineer, freezing 
these vehicles to predetermined appearances, but the motor 
car is still free and can be designed with more leeway than 
any other road vehicle. 

It still, however, is not a commercial vehicle. Its sales still 
are made on emotionalism and tradition. There is nothing to 
force change of design except public opinion as molded by 


[This paper was presented at the Metropolitan Section Meeting of the 
Society, New York, N. Y., Jan. 19, 1939.] 
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the press and sales departments. However, there is a vast 
difference between commercial and private owner design. 

Commercial design — buses, airplanes, trucks — is gaged on a 
dollar-and-cents basis. These units must earn. 

To earn they must use every available cubic foot of space 
allowed by their outside dimensions. They must not waste 
space or weight or power by hanging onto merely traditional 
things. 

Since buses were heavier than motor cars originally, they 
rode much harder and rougher and, to be successful, had to 
be given a good “ride.” 

This requirement eventually necessitated putting the en- 
gine in the rear so that the engine could take the bumps in- 
stead of the passengers. Practically all new buses are now of 
this design. 

3uses, too, had to utilize all the wheelbase space to get in 
the most possible passengers. For this reason running boards 
were eliminated immediately; the hood was left off; and lines 
were straightened to give more interior room. This arrange- 
ment brought two effects: first, a greater earning capacity, 
because there was more space inside the car to carry more 
payload; and second, lower cost, because this type of con- 
struction eliminated the extreme die-and-tool costs required by 
the “Mae West” architecture of motor-car contours. 

Simpler lines brought simpler production methods and, 
since buses were made in dozens instead of thousands, this die 
item was imperative. The result has been that the truck and 
bus business has built up a new styling — simpler, cheaper to 
build, roomier, easier riding, and with a functional art result- 
ing from functional lines - which makes these modern buses 
most pleasing in appearance. 

My first fundamental statement would be, therefore, that 
the future development of motor cars seeking greater luxuries, 
lower cost, greater economies, and more beauty of line will 
fellow bus and airplane development rather than motor-car 
precedents. 

When the motor car started, it was a composite contraption. 
Its units were taken from three sources —-the buggy business, 
the bicycle business, and the stationary engine business. It was 
many years before running gears, tires, and so on, particularly 
adapted to automobile use, were developed. It was some time 
before the engine changed from a stationary or traction-engine 
tvpe to the automobile type of multicylinder, flexible power 
plant. 

These things came, and we have little criticism today of any 
standard car for wheels, brakes, motors, drive, steering, and 
accessories. 

If, however, we check the body of the motor car, we will 
find that, although its interior has changed and its outside 
also to extreme contoured silhouettes, developed curvatures, 
streamlined fenders, and the like, the room for accommodat 
ing the passengers has steadily grown less and less year by 
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Fig. | -—The car of the 

: " future can have con- 
siderably more _ in- 
terior space for the 
same overall width 
than either the car of 
1928 or 1938 as shown 

in the illustration 




















year, unul today the big hat for the lady or the silk topper for 
the man is out of the question. 

In a search tor beauty, we have forgotten that a car is for 
people and should be studied from the inside out. Although 
we have created a tradition of beauty in the present-day motor 
car as “something-people-are-used-to”; yet the art of the pres- 
ent-day automobile as announced this year most closely 
approximates the “Standard-Sanitary” school of bath-room 
design or the blatant art of the movie magnate’s show-house 
interior. 

Most car exteriors look as though some automobile execu 
tive had “designed them himself,” and the public is fast get 
ting wise to the fact that, when it helps a company pay 
$50,000 for a fender die and considerably more for other 
equipment to make all these curvatures when what it really 
needs are room and comfort, it is not getting its money’s worth 
from the expenditure. All changes in thought in this world 
come from changes in the basic assumptions from which 
thinking starts. 

The automobile business today has been trained to its pres 
ent point on very definite assumptions, as has also the railroad 
business, bicycle business, and all other old established in 
dustries. 

When a new thing comes to any of these industries, it 
comes from the outside because the inside group is not capa 
ble of changing its assumptions. 

The assumption of the motor-car designer is that the exte 

rior is the important thing. We are approaching the point 
where the interior must be the basic thing to be studied and, 
when that problem is solved functionally, we will find a 
resultant exterior so self-explanatory and obvious and simple 
that its beauty will become accepted over night. 
, Most motor-car companies are forced to think in terms of 
the whole public. Their production is so large that they must 
get tens of thousands of purchasers to part with their money 
before the original die costs can be met. 

Once stuck with these dies also, no change can be made in 
the car or improvement until these dies are paid for. After 
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the dies are paid for, the bankers look at the junk pile of a 
million or two dollars and say to the manufacturer: “Let’s 
don’t make any die changes this year; let’s mix ’em up and, as 
long as the public will buy, let’s build from these same dies 
and lower the costs.” 

This policy being followed and the cost lowered until all 
get their prices on the same basis, the firms cannot go back to 
a whole new set of dies on the same price basis, and design 
has become frozen in process. 

For the last 5 years little improvement has been made in 
motor cars except in accessories, which have improved vastly. 
Tires and running gear have become continually better and 
windshield wipers worse! 

We still design what the public will take, instead of what 
they should have, and the silliest approach of all is to take it 
for granted that the public, by a survey, can design its own 
motor car. It is good politics, but is suicidal to follow as 
guide. 


a 


The first cars built were copies from buggies with open 
tops, dashboard, and whip socket. The whip socket was left 
on the dashboard because it had been there in the buggy, and 
they were afraid the public would not buy a dashboard that 
did not have a whip socket on it. Much of the engineering on 
motor cars during the past few years has been of the “whip 
socket” variety, and all of the engineering that you will get 
from public survey is “whip-socket” engineering -the de 
mand for something seen before. 

The foregoing discussion relates largely to the exterior and 
appearance of our present-day car. 

On the interior we use another type of engineering — just as 
obvious, which our laboratory calls inventing “rubber-gloves 
for-leaky-fountain-pens.” The inference is obvious, and a 
great deal of our engineering in our larger cars has been the 
invention of gadgets to cover up defects, rather than curing 
defects — rubber gloves for leaky fountain pens! 

Ten years ago the best of our automobile engines weighed 
10 lb per hp. Today the best of our automobile engines weigh 
to lb per hp. When I say engine, I mean the cooling system. 
including the weight of the water, which is as we figure 
weights in airplanes. In weight or horsepower we have mack 
practically no progress, nor can we with water-cooling — but 
that is a story for later. 

Following the buggy days, we lengthened out the body, put 
on a longer cloth top, put up a windshield because our speeds 
did not allow travel without it and, instead of a step, put on 
a long running board. Some cars had two steps to get into the 
high body. Now that cars are low, we still retain the running 
board, although no one knows what for unless it is to mak: 
one take two steps to get out of the car instead of one. 

Later as speeds got higher and winter driving became th: 
rule, we came to closed bodies and, at that point, copied th« 
milk-wagon designs — square lines, square corners, flat sides. 
but with rather high ceiling room so that the passengers could 
be bounced around a little more without hitting the top. As 
springing got better, tops got lower. The floor began to droj 
as the frames got shallower, until now the floor even gets 
down inside the frame with a tunnel through the middle for 
the driveshaft. 

In the present type of bodies copied from horse days, th« 
floor is now as low as it can go and the roof lower than it 
should go. Doors are not high enough and are too wide as an 
interference to traffic when you open them. Since cars are so 
low also, doors hit curbstones so one cannot park close and 
get in and out. They also slap against other cars in parking 
lots when you open them. These things need change. 

Recently we again have penalized the passengers’ space by 
added luggage space. We carry luggage about three times a 
year; yet we take one-third of the floor space of the car to 





























June, 1939 


carry luggage that is not there; we sacrifice passenger space 
which should be there many times when the luggage is not 
required. 


> 


In putting on running:boards we originally mounted them 
on flimsy, flexible brackets* fastened to the frame and then 
expected to get a crash strength out of them if there were an 
accident. This practice in theory still obtains, whereas the 
floor for crash strength should run clear across the car from 
edge of running board to edge of running board. More than 
that, a bumper strip of real strength and considerable width 
should run around the car at this height for emergency 
protection. 

The car of the future, therefore, should have the running 
boards inside as far as the floor, the interior extending clear 
out the full width of the car. Without increasing the height 
of the car, more interior height can be had by doing away 
with the separate frame under the body, making the body 
itself the frame. See Fig. 1. 

By putting the engine in back, all the amount of space used 
by the hood of the present-day car can be given over to pas- 
sengers, while the motor takes its position in the space of the 
trunk at the rear. This arrangement would give an interior 
about 16 in. more body length inside and 12 in. more width 
inside and 3 to 5 in. more height inside for the same width 
and height outside as the former car, and some 10 to 18 in. 
shorter car overall. See Fig. 2. 


As to structure, neither buggy, milk-wagon, nor motor-car 




















Fig. 2—A rear-engine car saves the length, weight, and cost 

of the large baggage space and long body overhang neces- 

sary in front-engine cars to get proper traction on the rear 

wheels — Nor does it need two sacks of sand in the luggage 
space for icy roads 


body has adopted new fundamentals of stress analysis. Those 
few cars which claim to have “stress-analyzed” bodies have 
been composed largely of indeterminates, such as curved open- 
section members. No curved sections are ever used in a bridge. 

The airplane industry has learned tremendous lessons re 
garding structure on methods of building light-weight, but 
tremendously strong bodies and frames. This light weight is 
due more to structural arrangement than to material used so 
that, if we can adopt this same type of analysis to motor-car 
structures, we should be able to do better. 

A complete steel-tube structure for a seven-passenger body 
of usual size to act as a frame for the actual covering, motor 
seat, and axle mount should run well under 200 |b, and yet be 
of greater strength than any present-day body frame. 

In a paper before the SAE some 15 years ago, I pointed out 
that the idea of separate frames for car and body was like 
building a bridge two-thirds of the way across a river and 
running two iron bars the rest of the way and that, when we 
changed the open car with its flimsy torsional strength to the 
closed car with a solid roof, we had a structural proposition of 
adding strength similar to putting the lid on a shoe box 
which, without the lid, had no strength at all in twist but 
which, with the lid on, became a rigid definite structure. 
Even the illustrations have been used by various companies in 
their advertising, and still no one has built a frame which 
actually carried the load on straight bridge members as is 


necessary for minimum weight and maximum strength and 
rigidity. 
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Ride and Bounce Control 


“Ride” and its luxury in a motor car today contains more 
“rubber-glove” engineering than perhaps any other part oi 
the car. In the old cars we had axles up to 3000 lb weight 
bobbing up and down under the rear seat with nothing but a 
couple of hundred pounds of passengers to hold the bouncing 
down. With a 100 lb below the springs to 10 lb above the 
springs, a 1-in. bump of this axle on the ground theoretically 
should throw the weight above the springs 10 in. into the air; 
augmented, in many cases, by a further push of seat springs. 

As cars have gotten lighter, we have been able to make 
spring rates softer, largely because the weight of the rear axle 
or, in other words, the unsprung weight below the springs, 
has become much less. The ride in the rear seat directly de 
pends on the amount of weight above the springs compared to 
the bouncing weight below the springs. 

If it were important to put knee action, so-called, on the 
front wheels with the engine weight in front, it is doubly 
important to put knee action om the rear wheels to eliminate 
unsprung weight where only the passengers and body weight 
are there to hold down the bouncing of the rear-axle assembly. 

No amount ot manipulation, however, of this unsprung 
weight can give the ride effect to be had if the motor also 1s 
put at the rear to increase greatly the sprung weight and thus 
lessen the ability of the bouncing back wheels to vibrate the 
weight above. 

If you have 10 lb below the spring to 100 |b above it, then 
theoretically the wheels can go over a 1-in. bump and only 
move the passengers 1/10 in. See Fig. 3. 

As one gets lower and lower in spring rate, however, new 
problems come in affecting steering: bouncing which . wears 
tires in spots, and gyroscopic effects which make for other 
changes; but, unless the spring rate is made very low, ease of 
ride cannot be obtained. 

Shock absorbers will be forced to eliminate more internal 
friction and attack for a new element of bounce. In this prob- 
lem the use of air springs and shock absorbers has great prom. 
ise where there is space enough allowed in car design for this 
type of spring to be used. Another advantage of the air spring 
is that, when one needs more ground clearance in bad places, 
the springs may be pumped up for a higher space from the 
ground, and also spring rates can be varied to suit the particu 
lar weight of the load to be carried. 

If one has a 5000-lb car and adds 400 |b of passengers, there 
is not much difference in ride but, if you have a 2000-lb car 
and add 300 lb of passengers, there is a requirement for a 
great difference in springing; where empty, the car will be too 
stiff or, if full, the springs will hit the bumpers. With air 
springs, this situation is under control for any range of load. 

We have tried out, all of us, balloon tires such as used on 
airplanes — so-called low-pressure tires. These tires gave an 
excellent ride under many conditions but, at speed and on 
corduroy roads, they developed a bounce that no shock ab 
sorber could cure. Larger tires of greater pressure would stil! 














Fig. 3-The simplest way of accomplishing low unsprung 

weight is by the use of a swing axle, as shown at the left, or by 

individual springing. The illustration also shows that 10 Ib 

above a 100-lb axle is a bad proportion, with a 10-in. throw 

for a |-in. bump whereas, with the big weight above, the 
small weight vibrating below is of little effect 
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be of advantage provided the tire makers could provide a way 
to take out the bounce. It can be done. 


Ventilation and Heat 


In the old stage coaches, if one wanted to cool off, he 
dropped the window. This method is still followed in motor 
cars. 

Some have decided to put in forced ventilation, and this has 
been quite a successful development. All of these ventilating 
systems, however, unless they take into account the influence 
of radiant heat on cooling, miss their object by a considerable 
margin. 

Recent developments concerning heat and ventilation have 
been as radical as things in other industries. Heat has as 
many varieties of phenomena as the spectrum of colors in 
light — some types of heat can be stopped by insulating mate- 
rial, mineral wool, and so on; the other end of the spectrum, 
only by reflective methods. 

Of the sun’s heat 70% is radiant heat at the high point of 
the heat spectrum. The sun burning down upon a motor car 
goes right through its insulation because of the heat radiated 
by the sun on the metal exterior and glass windows of the car. 

In Arizona last year, in leaving a thermometer in a closed 
automobile, the mercury went up to 140F and right out of 
the top of the thermometer; yet we expect people to ride in 
cars in that heat. 

As long as we use metal for roof and exteriors, we will have 
radiant heat and cold as a problem, no matter what tempera- 
ture we bring our interior air down to. One may be in a room 
with the air at 40F with the walls of the room at 85F, and be 
too hot. 

Future heating all will be done by radiant heat, rather than 
by an attempt at circulating air. The sun makes a complete 
radiant heater out of our metal automobile body. If we are 
to solve this problem, our roof at least must be made of some 
plastic or semi-plastic material, and all metal must be elim 
inated from points which accumulate the heat of the sun. 

If we can build our houses with excellent insulation, why 
not cars? It is no problem to keep heat im the car in winter, 
but there is a very definite problem of keeping the heat out 
in summer. Added cubic capacity in the interiors of cars will 
aid in solving this radiant-heat problem, but new materials are 
necessary as well. 

Clean air must be taken in to ventilate the car and also to 
cool the motor-not from the ground level or close to the 
pavement, but out of the way where the air is 20 to 40F 
cooler, and where the gas and smells of the road are not 
picked up and placed into the body. 

In heating a car in winter, however, we must remember 
that heat travels forward and the heaters should be at the 
rear of the car if the people at the rear are to get any benefit, 
with free circulation along the floor, unless we come to radiant 
type of floor heat, which would be ideal. 

In the matter of insulation also, we have too many doors in 
present-day motor cars. As cars get larger, interiors simpler, 
arrangements allowing more usable space in the car will be 
possible with either double doors like a bus or sliding doors 
as the eventual for motor-car use. 


Space Requirements 


Present motor cars approximate 6 ft in width on the road, 


_and from 14 to 21 ft in length. In the smallest standard trade 


car, this size allows 112 cu ft within the body. Whereas the 
total area of the car over the ground is 84 sq ft, the floor area 
of the car inside is only 28 sq ft or 33%, the remainder being 
given over to running boards, fenders, tire carriers, baggage 
space, engine area, and so on. The “Scarab” with a ground 


area of go sq ft, has an inside space 10 x°5 ft 8 in. or 56 sq ft, 
or 62%. 

This condition makes it obvious that we have been design- 
ing cars as machines rather than as vehicles. Not only from 
the art standpoint have we given our greatest attention to the 
exterior rather than the interior, but we have been more care- 
ful to give machinery its standard required space than we 
have passengers. 

Eventually the machinery will be designed in much smaller 
space; the powerplant will be concealed somewhere under the 
seat or in the baggage-compartment space where it hardly can 
be noticed or heard, while the entire area and volume of the 
car interior will be allowed for passenger space. 

We have become so used to riding like sardines in either a 
stuffy or a wind-blown box that it will take us a little while 
to get used to riding with real ventilated space about us. 


Gear Shifting 

Now that we are talking of machinery, it might be well to 
discuss the so-called automatic transmissions that seem to be 
on the horizon in preliminary publicity. These units are now 
in use on buses and we used the first Mono-Drive transmis- 
sions ever applied on our original Pullman Railplane — the 
same drive now used in the big double-deck buses in Chicago 
and New York. 

In a vehicle where it is real work to shift gears, a device of 
this kind or its equivalent is advisable. However, there must 
be a lever. This lever must be shifted forward for forward 
speeds, central for neutral, and rear for reverse, and there you 
have the same old gearshift lever all over again and have 
gotten little out of it all except that it is less work to shift, and 
you have to shift it much less frequently. 

In buses, railcars, and trucking vehicles, this consideration 
is tremendously important but, in a light-weight motor car 
where shifting is so easy, this solution will have to go much 
further before it can be called practicable. We must have 
something which will pick its own gear ratio, infinitely vari 
able — not just 3 or 4 or 10 speeds —and answer to a throttle 
forward, aft, or neutral — like a steam engine or electric drive. 
Otherwise our present gearshift, once it is gotten off the floor, 
is a pretty simple and satisfactory device. 

There are a lot of things more important to change in motor 
cars than a gearshift. 

An engineer, who was planning to put an automatic trans 
mission into his car, said recently: “When we get this auto 
matic transmission into our car, | cannot think of another 
major improvement that will ever be made in motor cars.” 
Naturally, that firm has since ceased to exist, for there are a 
thousand things still left to be done to a motor car. 

There is only one part of our motor car which has gotten 
continually worse instead of continually better -and that is 
the windshield wiper. No one has yet made a windshield 
wiper that will do more than one thing. It will not take care 
of ice or sleet; it will not run when you want it; snow packs 
it up. Some new method of keeping windshields clear will 
have to be developed, and it will not be a wobbling piece of 
rubber. It may not be that windshield wipers have gotten 
worse from the early days—but only that they have been 
standing still while the motor-car business has gone forward 
but, nevertheless, this is a tremendously important thing for 
safety, and we must learn how to clear the entire windshield 
of rain, ice, snow, dust, or mud at will. Needless to say, I 
don’t know how — but it can be done! 


The Air-Cooled Engine 


Coming from the smallest to the largest accessory of a car, 
we get back to the powerplant—the engine, the throbbing 
heart of the whole machine. The accessories of all of this part 
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of the automobile have developed tremendously — ignition, 
carburetion, metallurgy, pistons, rings, bearings, connecting 
rods, heat-treating and hardening methods, gears, chains, 
belts, fans, spark plugs, ignition wiring, and so on ad 
nauseum. All of these items have improved year by year. 

The automobile engine today, however, still weighs 10 lb 
per hp as it did in the days of the old Marmon — but remem- 
ber that, when I am giving weight, I give the weight of the 
complete engine, including its cooling system, water, ignition, 
and all. In aviation we have to figure everything as the weight 
of the engine and, when the automobile manufacturer takes 
off all the accessories and quotes the remainder as his engine 
weight, that is hardly fair. 

In the matter of powerplant, aviation undoubtedly has led 
the world in research — both in progress and in the amount of 
effort and cost put into the problem. Its answer must be com 
pletely commercial and completely reliable. Its costs are a 
function of volume and therefore high, but any aviation 
project made in motor-car volumes could be made at low cost. 

An aviation engine weighs about 2 lb per hp, including 
supercharger, reducing gears, cooling system, cowling, and so 
on. These engines cool 115 hp in one cylinder and with 
throttle wide open, take off the field at Tucson or Phoenix 
with 140F sun temperatures on the ground. The largest 
liquid-cooled engine ever built for airplanes is 1500 hp, and 
even that has not yet proved to be more than a 30-hr engine, 
whereas the air-cooled engines run 500 hr or 100,000 miles 
between overhauls. Millions of dollars have been spent on 
cylinder designs alone in order to learn how do these 
things; and yet, when a car manufacturer started out to make 
an air-cooled engine, no attention was paid to all this prog 
ress, but am zmventor’s idea was taken instead. 

In the old motorcycles and in the Franklin designs, an 
original cast-iron, more or less oil-cooled, engine finally was 
developed into a remarkably efficient low-consumption job as 
light as any other automobile engines. The great problem, 
however, was heat on the feet of the passengers. With the 
engine up front and running at twice the heat that the water 
cooled engine runs, it was a problem to get the heat away 
and back of the automobile without coming up into the pas 
senger compartment. Putting the engine in the rear, of 
course, would solve this difficulty. 

Reliability of the air-cooled jobs has been proved to be be 
yond that of the water-cooled engines for certain services. 

One of the greatest advantages of this type is economy 
because the engine runs at a temperature which makes better 
use of the fuel. Just changing to air-cooling alone for the 
same engine should jump efficiency on the same compressions 
almost 20%. More than that, it is a great advantage in hot 
and cold countries. A water-cooled engine must run below 
the boiling point of water, or 190F, since we will have to 
figure on altitudes of 8000 ft as being desirable. 

To run an engine below 100F is running too cold for com 
fort, and certainly for efficiency, on account of the great 
amount of condensation possibilities. A water-cooled engine, 
therefore, is limited in its operating temperature to between 
100 and 190F. 

The air-cooled engine, however, even with aluminum heads, 
can run up to around 500F, or let’s say 400F for a workable 
top. If we start it off at rooF, the same as the water-cooled 
for a low point, we have more than twice the cooling margin 
that a water-cooled engine can have. That is why the old 
Franklins with all their heat on the feet of the driver were so 
popular in Arizona, Death Valley with summer heat, and 
Duluth, Minneapolis, Seattle, and the cold countries for win 
ter running. 

With what we have learned in both the motor car and 
aviation, it is now simple to build a smooth, powerful air- 
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cooled engine, including gear set, weighing not over 34 Ib 
per hp instead of 10. It is cheaper to build, longer in life, 
more compact in design per horsepower and, when put into 
the rear of the car, a much more satisfactory proposition. 

Remember that our present-day motor cars were developed 
by a lot of young chaps who could see what was coming 
and the old fellows couldn’t. These men made a success on 
certain designs and they will stay with those designs as long 
as they control. They are now 40 years older. A new genera- 
tion of young fellows is coming. If they get into the auto- 
mobile business without being filled too heavily with the 
assumptions of the present-day manufacturer, we can build a 
motor car 2 years from now with only the ground dimensions 
of the Willys-Overland, but more interior space than the 

Cadillac, the smooth ride of an airplane in calm air or a 
motorboat on a glassy sea, the quietness of an electric, 70 mph 
top speed, 30 to 40 mpg, body completely insulated against 
sun, heat, and so on. 

When this car comes, it probably will not be first produced 
by a factory having stockholders, for stockholders have boards 
of directors, and boards of directors have committees, and 
committees always say “no.” 


Rubber and “Ride” 


Let us discuss one item of “ride,” starting from the ground 
and working up. 

First, the tire. Steel is a much stronger material than rub- 
ber. If we should take our old buggy wheels or wagon wheels 
and put on them the best steel tire that we know how to 
make, even if the tire would work for 100 miles, the car prob- 
ably would not hold together that long, while the passengers 
presumably would finish in the hospital. 

If we circle our wheels, however, with rubber cushioned 
with air, we originally got 2000 miles on a set of tires and 
that satisfied, for few people drove 2000 miles. 

Today, however, we consider 20,000 miles an average for 
motor cars and 60,000 as usual for oversize tires on trucks. 
This improvement is because the rubber, instead of fighting 
the punishment, gives in to it. We recently have found that 
rubber has a great many characteristics which make it a more 
remarkable material than any one other used in machine 
construction. 

We use it as a rubber cutter against steel dies in tremendous 
sizes in the aircraft business, shearing steel bars hour after 
hour and day after day with the same piece of rubber. We 
use it inserted in street-car wheels to prevent noise; we mount 
engines on it to stop vibration and keep noises from going 
through; but we are fast learning that there is more to rubber 
than a hysteresis curve. 

There are as many kinds of rubber as there are metals, each 
with its own characteristics, and we now are learning to de- 
sign rubber with characteristics for each individual problem. 

Very shortly we may expect to see steel springs superseded 
by rubber or rubber and air in most places where heat is not 
a factor. This unit will not be rubber in compression — for 
rubber cannot be compressed — but rubber in shear, or under 
the exact opposite condition as what has been visualized as 
being a rubber spring. 

Some 7 years ago we made a shock absorber consisting of 
two doughnuts of rubber screwed tight against two outer steel 
discs and a central steel disc between the two rubber ones. 
Holding the outer steel discs still and rotating the central one, 
gave a spring action that was more than interesting. Further 
adaptation of this principle for springs soon will be seen on 
motor cars. 

Even this development grew out of the experiments on 
rubber-disc insulation wheels for railcars. 

The new synthetic rubbers will open up many more fields, 
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We may even get a refractory rubber that will stand heat - 
who knows? 

By use of this rubber in the tires, in the engine mountings, 
and in the springs, we get a “ride.” 

‘Firestone combines the rubber springs with air —a sort of 
double-tire-bellows effect with a shock-absorber valve. These 
springs give a very excellent ride, but also give a great chance 
for research on different spring rates and combinations with- 
out replacing a lot of steel springs. 

The use of these rubber springs on our Scarab car has en- 
abled us to run experiments on the relation between tire pres- 
sure and spring rates or, you might say, tire pressure and 
bellows pressure —in the effect of having springs of different 
rate on each of four wheels or having all the rates equalized 
or having a different rate fore and aft. But there is a definite 
relation between the spring rate and the pressure that you 
carry in your tires. If your tires are pumped up harder than 
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Fig. 4— With the rear-engine car (left), the front wheels do 

not bury as do. those of the front-engine car (right) in soft 

or muddy going, and the rear wheels turning with power 
clear their own mud away forward 


your spring rate, the wheels are going to bounce all over the 
road. If you run your tires too soft, they will bounce of them- 
selves and wear fiat spots. It is a combination of spring rate, 
tire rate, and unsprung weight under the car as against the 
weight above the springs that really determines ride. These 
figures are most interesting. 

On a recent trip to the Coast from Detroit, I set a glass of 
water on the instrument board of my car, which now has 
$9,000 miles on it. This glass was filled within an inch of the 
top. Without too extreme acceleration or emergency braking, 
the glass sat on the instrument board all day long without any 
spilling -one day’s trip carrying me from Wichita, Kan., to 
Santa Fe, N. M., well over 700 miles. 

“Ride” can be accomplished, and a better one, in this car 
with the engine in the rear. The rear seat is much easier 
riding than the front seat, so a glass of water back there 
would behave much better. 


The Rear-Engine Job 


This item of weight in the rear is of still greater impor- 
tance in ride when you strike mud or bad going. In the 
normal car, weight buries the front wheels in the mud. The 
rear wheels, having little weight to give them traction, spin 
around and push the front wheels forward, piling up mud in 
front of them, until the car is mired with the rear wheels 
spinning. 

In the rear-engine job, in equal conditions, the front end 
does not bury, either on soft shoulders or mud. The weight 
is in the rear where the traction is needed but, when the rear 
wheel tends to bury itself, the very power of its turning pulls 
the pile of mud away from the front of the wheel and draws 
it back, so there is less restriction of progress. See Fig. 4 

On a 35-mile detour west of Rawlins, Wyo., last June, we 
in the Scarab passed 12 cars either completely stuck in the 
mud or steaming along in low gear with the rear wheels 
spinning, barely making progress. We went through the 
entire detour and only went into second twice, and then to 
pass other cars in our way. 


At the end of this detour we stopped and washed the wind- 
shield which was covered almost completely with mud thrown 
from tires of people formerly in front of us. We had to take 
water to wash it off and then dried it, and it is a big double 
windshield. When this cleaning was done and we got into 
the car and started off down the concrete again, I looked 
through the back window where the road was perfectly vis- 
ible for 3 miles, and there was not yet a single car in sight. 

In this kind of going, a motor car with the weight in front 
is like a motorboat with the engine in front and the rear 
bobbing up and down in the water. Its propeller would not 
take hold so well, and its rudder would not steer so well. 
With the engine in back, we had the real boat effect with 
plenty of traction, good speed, and always available steering. 
See Fig. 3 (top). 

There is another advantage to the weight in back when it 
comes to brakes. Few cars are safe if you set the brakes at 
60 mph. Rapid deceleration at this speed throws the weight 
forward so that not only the engine weight, but a large part 
of the car weight surges to the front wheels. Having more 
traction on the front wheels than on the rear when the brakes 
are applied, the rear wheels tend to slide around and catch up 
with the front - a most dangerous situation on wet pavement. 

Nith the weight in back, however, things are more equally 
distributed over the four wheels so that, even at 60 or 70 mph, 
one may use the brakes with much more impunity than in 
standard jobs. 

Proof of this statement is that on cars with hydraulic brakes 
there are smaller cylinders on the front wheels than on the 
rear, so the brakes will not be so powerful on the front wheels 
as they are at the rear. In a rear-engine car, all brake cylinders 
are the same size. 

In Conclusion 


And so it goes . . . and there are scores of other things 
which need and will have attention on motor cars, but which 
there is not time to go into now. 

{We must be able to heat cars when they are standing still 
and without the motor running, without having an open 
flame to be a danger in case of accident. 

We must have soundproof bodies as well as heatproot 
bodies, and we should be able to hear the horn of a car com 
ing from any direction. Within the next 2 years you will see 
radio horns for motor cars. Today with a radio, you can tune 
in a loud speaker from any room without wires. We will 
soon have devices where, when two cars approach it, can light 
a light in the cab and blow a horn if necessary — even in a fog 
or at cross streets. 

Somebody may make a shock-absorbing tire. 

Someone else may make a new fuel. 

New engines are bound to come, as well as new designs. 

Now that cars are lower, the wide swinging door must be 
abolished as it hits the curbs and does not allow safe parking. 

The world is not done . . . the motor car is not finished. 
Future designs will copy commercial designs — trucks, buses, 
airplanes, rather than Mae West architecture of super curva- 
tures in all directions in the belief that curves alone can be 
beautiful, without the car interior being large enough to hold 
people of standard size. 

All future art will be functional. 

The lines will be engineering lines and express usefulness, 
rather than extra cost. 

Fenders are disappearing. Running boards have gone. 
Wheels will be enclosed totally. Bumper strips of standard 


height will go around cars and trucks. 


Not the least change will be our method of operating these 
cars — but that is another story. 



































Fuel-Economy Possibilities of 
Otto-Cycle Aircraft Engines 


By D. S. 


Hersey 


Project Engineer, Pratt & Whitney Aircraft, 
Division of United Aircraft Corp. 


R. HERSEY shows that excellent economy 

an be obtained from the Otto-cycle air- 

craft engine by operation at high compression 

ratios, high mechanical efficiency values, and op- 

timum spark advance. The limiting factor affect- 

ing such desirable operation is found to be deto- 

nation which can be suppressed by several means 

that are generally different for the cruising and 
high-output power conditions. 


The paper outlines the general and economy re- 
quirements of existing aircraft engines, and the 
economy effects of various operating conditions. 
The factors that affect detonation at both high out- 
put and economy conditions, as well as the com- 
promises necessary to avoid detonation, are con- 
sidered in some detail. 


URRENT demands for the construction of large, long 

range aircraft by both commercial and military services 

are accompanied inevitably by requirements for high- 
output engines of improved fuel-economy characteristics. It 
is the purpose of this paper to discuss the possibilities of 
economy improvements in Otto-cycle aircraft engines and the 
tactors tending to limit these improvements. 

The modern aircraft engine is designed to satisfy either two 
or three operating requirements. During take-off the maxi- 
mum output is required for a relatively short period, after 
which slightly less power can be utilized for the climb to the 
efficient operating altitude. When this altitude is reached, ap 
proximately 50% of the extreme output generally is required 
to propel the airplane at its normal level-flight cruising speed. 
It is fortunate for the engine designer that fuel economy is not 
a vital necessity for the take-off and climb conditions and, 
conversely, that high output is not necessary for efficient cruis 
ing operation, because the lean mixtures associated with 
cruising economy increase not only the relative engine-cooling 
requirements but also the detonation tendencies. To avoid 
detonation, modern engines usually are operated at rich mix- 
ture settings for the short periods that the maximum take-off 
and climb outputs are required, and the lean-mixture settings 
are used only for the lower cruising powers. Compromise 
spark-advance settings, which are retarded somewhat with 
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respect to the optimum values for power and economy, also 
are employed for additional detonation suppression. 

For the complete aircraft, improvements of operating fuel 
economy are admittedly not limited to the reduction of engine 
fuel consumption, but are a joint problem for aircraft, engine, 
and propeller manufacturers. In order to limit the scope of 
this paper the subsequent discussion will be confined to the 
problem of the engine manufacturer, namely, that of reducing 
the engine brake specific fuel consumption at cruising power 
without limiting the take-off output. 

Economy possibilities under ideal operating conditions will 
be considered, and the restrictions imposed on this ideal by 
high-output requirements and fuel limitations will be dis- 
cussed. Practical means of approaching the ideal in economy 
by avoiding the restrictions will then be suggested. 


Economy Possibilities for Ideal Conditions 

Several factors affect the minimum brake specific fuel con 
sumption at which an engine can be operated. For any given 
type of Otto-cycle engine, the more important of these factors 
are: A. compression ratio; B. spark advance setting; C. me- 
chanical efficiency; D. mean effective pressure; and E. exhaust 
back pressure. 

Although the general effects of these factors are more or 
less commonly known, the results of several investigations on 
current aircraft engines may be of interest. 

Fig. 1 presents the results of some single-cylinder and multi- 
cylinder tests which illustrate the effect of compression ratio 
upon the best economy fuel consumption. The single-cylinder 
tests were made at several compression ratios, varying from 
6.5:1 to 8.2:1. Each single-cylinder test point was obtained at 
optimum spark-advance setting, and all of the runs were made 
at the same exhaust-back-pressure and cylinder-temperature 
values. The multicylinder test points are for approximately 
optimum spark setting, but the cylinder temperatures were not 
so carefully controlled. Both single-cylinder and multicylinder 
economy data are presented in terms of indicated specific fuel 
consumption, rather than the more conventional brake specific 
fuel consumption, in order to eliminate variations in mechani- 
cal efficiency. Curves of the corresponding “indicated” thermal 
efficiencies, as well as the theoretical air-cycle efficiency, are 
included for comparative purposes. In calculating the test 
thermal efficiencies, a gasoline heat content of 18,500 Btu per 
lb was assumed. 

The relation F=1 - ( ) 

R 
where E = Thermal efficiency, 
R = Compression ratio, 
c—A constant with values between 0.260 and 0.265, 
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Fig. | —Results of single-cylinder and multicylinder engine 


tests are plotted to illustrate the effect of compression ratio 
upon the best-economy fuel consumption 


represents very closely the attainable Otto-cycle engine “indi- 
cated” thermal efficiency at any compression ratio. This rela- 
tion holds only when spark setting, fuel-air ratio, and mean 
effective pressure are at their optimum values. The lower 
value of ¢ is apparently more nearly accurate for multicylinder 
efficiency estimations. 

A calculation of the theoretical thermal efficiency’, which 
takes into account both the variation in specific heat and the 
dissociation in a working mixture, shows that this thermal 
efficiency is represented very closely by the foregoing equation 
with a value of c equal to 0.295 for a best-economy mixture. 
This calculated relation also is shown on Fig. 1. The actual 
attainable “indicated” thermal efficiency is approximately 92% 

f this theoretical efficiency. 

Fig. 2 shows the variation of best-economy indicated specific 
fuel consumption with spark advance for several engines, 
each of which was operated over a range of mean effective 
pressures and engine speeds. For each of these runs the com 
pression ratio, exhaust back pressure, and cylinder operating 
temperatures were held substantially constant, and the effects 
of mechanical-efficiency variations were eliminated by the 
reduction of the data to the indicated basis. The correspond- 
ing thermal-efficiency variations with spark advance and com- 
pression ratio also are shown on this figure. It is notable that 
a reduction of spark-advance setting from the optimum value 
of approximately 45 deg to a low value of 20 deg has about 
the same effect on the fuel economy as a reduction in compres- 
sion ratio of approximately 1.4 units. 

A study of the effects of both the mechanical efficiency and 
mean effective pressure variations of a multicylinder engine 
on its brake specific fuel consumption is presented in Fig. 3. 
At the top of this figure is shown the mechanical efficiency for 
various operating conditions; below this are the best-economy 
brake specific fuel consumption values obtained at the corre- 
sponding conditions; and at the bottom of the figure, a curve 
of indicated specific fuel consumption is presented. For each 


1See Equation (2). p. 21. “The Airplane Engine,” by Lionel S. Marks, 
McGraw-Hill Book Co., 1922. 
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test point, the indicated fuel consumption was obtained by 
multiplying the brake-specific fuel consumption value by its 
corresponding mechanical efficiency value. The friction-horse 
power values used in the efficiency calculations were obtained 
by the conventional motoring method. Although the absolute 
accuracy of this method of friction-power determination often 
has been questioned, this condition makes little difference in 
these studies as the inaccuracies are cancelled out largely when 
a conversion to the “indicated” basis is to be followed by a 
subsequent return to the “brake” basis. At normal operating 
mean effective pressures the relative independence of indicated 
specific fuel consumption with respect to engine operating 
conditions should be noted. The upward trend of indicated 
fuel consumption at reduced mean effective pressures is also 
noteworthy. It is obvious that the engine from which these 
data were obtained should be operated both at full throttle 
and at indicated mean effective pressures greater than 130 |b 
per sq in. in order to attain the best brake fuel economy. 

Other studies have shown that the increase of best-economy 
indicated specific consumption at low mean effective pressures 
is apparently to be expected of any engine; however, the mean 
effective pressure, below which the indicated specific consump 
tion starts to increase, varies with different engines, the break 
away point being at imep values as low as 70 lb per sq in. in 
certain cases. 

Some test results of the effect of exhaust-back-pressure vari 
ations on the brake specific fuel consumption of a multi 
cylinder aircraft engine are shown in Fig. 4. Although these 
runs were not made at best-economy fuel-air ratio, the mixture 
control setting was unchanged so that the data represent the 
economy trends with back-pressure variations. The indicated 
specific fuel consumption is shown to be independent of back 
pressure changes despite the fact that the brake specific con 
sumption varies. The brake specific fuel consumption vari 
ation must, therefore, be due to the effect of back pressure on 
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Fig. 2 — Best-economy fuel consumption and thermal efficiency 
are plotted against spark advance for a number of engines 
and compression ratios 
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mechanical efficiency. Single-cylinder tests, which are not pre- 
sented here, indicate that, at any given manifold pressure, a 
mechanical efficiency increase with back-pressure reduction is 
largely due to decreased pumping losses coupled with in- 
creased output. 

Under ideal conditions, with a 10:1 compression- ratio Otto- 
cycle engine operating at optimum spark setting on non- 
detonating fuel, an indicated specific fuel consumption of 
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Fig. 3- At the top is shown mechanical efficiency for various operating conditions; below this 

set of curves are the best-economy brake specific fuel consumption values obtained at the 

corresponding conditions; and, at the bottom of the figure, a curve of indicated specific fuel 
consumption is presented 
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0.307 lb per ihp-hr probably could be expected. At the peak 
full-throttle mechanical efficiency of 92.5% shown on Fig. 3 
this should give a brake specific fuel consumption of 0.332 bb 
per bhp-hr, which is an improvement of approximately 22° 

on the consumption now being obtained on engines of oa 
6.5:1 compression ratio operating at reduced spark advance 
settings. This improvement would entail some increase in 
cylinder and piston weight as the peak cylinder pressures 


would increase approximately 
60% for the foregoing compres 
sion-ratio increase. 


Limitations Imposed by 
Detonation 


It is obvious that the ideal 
economies already would be ob- 
tained in the Otto-cycle engine 
if a suitable non-detonating 
gasoline were available. The 
development of non-detonating 
fuel is, of course, the most im- 
portant factor in the improve- 
ment of Otto-cycle aircraft 
engine economy. Until such 
fuel is available, however, it is 
important to approach the ideal 
with the fuels which are at 
hand. This requires some study 
of the detonation problem. 

Following are listed some of 
the factors which affect detona- 
tion: 

1. Compression ratio. 

. Spark advance. 

. Mean effective pressure. 

. Intake-charge temperature. 
Cylinder operating temper 
ature. 

6. Fuel-air ratio. 

. Fuel octane number. 

Of the preceding factors, an 
increase in the values of Items 
1 to 5 results in an increased 
detonation tendency. A _ re-in- 
spection of Figs. 1 to 3 imme- 
diately will demonstrate that 
high values of the first three 
factors are necessary for econ- 
omy improvements. The next 
problem is to reconcile the two 
opposing sets of requirements 
imposed by cruising and high- 
output operating conditions. 

If it now is assumed that the 
commercially available gasoline 
of highest octane rating will be 
used, Item 7 is eliminated from 
the discussion, and 6 variables 
must be weighed in order to 
obtain the best compromise. 

Fig. 5 shows the variation of 
the detonation-limited cruising 
indicated mean effective pres- 
sure with supercharger blower- 
rim air temperature for two 
compression-ratio conditions, 
and for high and low spark- 
advance settings. Blower-rim 
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Fig. 4— Results of an investigation of the effect of exhaust- 
back-pressure variations at constant speed and fixed-throttle 
and mixture-control positions are shown 


air temperature is employed as the primary variable in order 
to simplify the figure. In choosing this variable it is assumed 
that carburetion is accomplished after the air passes through 
the supercharger, either with a high-pressure carburetor or an 
intake-pipe fuel-injection system, rather than by use of the 
more conventional low-pressure carburetor. The advantage of 
this assumption is that the cooling effect of the vaporization 
of fuel is eliminated as a variable 
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Although it may be mere coincidence, it is remarkable that the 
calculated peak cylinder pressures, at the detonation-limited 
indicated mean effective pressures, give substantially the same 
value for each compression ratio. 

A change of spark advance is seen to have much the samx 
effect as a change of compression ratio or blower-rim air 
temperature. For any given values of compression ratio and 
air temperature, a decrease in spark advance permits an in 
crease in the detonation-limited mean effective pressure. 

Of the four variables shown on Fig. 5, only one, the blower 
rim air temperature, has no direct effect on indicated specific 
fuel consumption. Although, at normal operating values, 
mean-effective-pressure variation has no primary effect on 
“indicated” fuel economy, this factor does vary the brake 
specific consumption by its secondary effect on mechanical 
efficiency. It would seem advisable, therefore, to operate an 
engine at optimum spark setting and compression ratio, and 
to obtain detonation suppression by control of the blower-rim 
air temperature, mean effective pressure, or the remaining 
factors which affect the detonation tendencies. 

The effect of fuel-air ratio changes on the detonation 
limiting blower-rim air temperature is illustrated in Fig. 6. 
The detonation tendency is shown to be greatest at about the 
chemically correct fuel-air ratio for complete combustion 
Some detonation suppression at cruising conditions, with no 
appreciable loss in best-economy consumption, is shown to be 
attainable by the use of excess air. This detonation-suppressing 
method is employed best on a boosted engine with a gear 
driven supercharger, which is usually operated at part throttle 

A brief explanation of the method is deemed advisable. The 
low fuel-air ratios are obtained merely by setting the spark at 
the optimum position for economy, and then leaning the 
mixture beyond the point at which minimum brake specifi 
consumption is obtained normally. Curiously, if the manifold 
pressure is increased to maintain the desired power, the brake 
specific fuel consumption stays substantially constant, and the 
excess air accompanying the manifold-pressure increase not 
only reduces the tendency to detonate, but also substantially 
lowers the cylinder-cooling requirements. The main difficulty 
with the method is that, for any one engine speed, the excess 
air requirements lower either the full-throttle cruising output 
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Fig. 6—Detonation-limiting blower-rim air temperature and 
other conditions are varied with fuel-air ratio 


or the critical altitude. Experimental operation at air-tuel 
ratios as high as 25:1 has been carried out successfully by this 
method on both single-cylinder and multicylinder engines, 
and no operating or mechanical difficulties were experienced. 
Because the extremely lean mixtures are hard to burn, spark 
advance settings of the order of 45 deg to 50 deg are necessary 
tor successful employment of this system of detonation con 
trol. This means of detonation suppression is recommended 
only when more efficient means fail. 

Some added detonation suppression undoubtedly can be 
obtained by improved cylinder cooling. In order to check this 
factor, some single-cylinder tests were run in which an air 
cooled cylinder was operated at both very high and very low 
temperatures. At economy conditions a detonation-limit in 
crease of 40 lb per sq in. imep could be attained at the lower 
temperatures. 

In order to investigate more thoroughly some of the pre 
viously mentioned detonation-suppression means, a series of 
studies was carried out on an air-cooled single-cylinder engine. 
Multicylinder economy operation was simulated as closely as 
possible, the specified conditions being as follows: 

A. Rear-plug gasket temperature 500 F 

B. Oil-in temperature 185 F 

C. Equivalent multicylinder output 

D. Maximum allowable engine speed 

E. Supercharger tip speed, fps 


700 bhp 
2600 rpm 
0.303 & rpm 
Fuel of 87 octane number was used for the study. Detona 
tion suppression was obtained by varying any of the following 
tactors: 
1. Compression ratio. 
2. Spark advance. 
3. Mixture ratio. 
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4. Mean effective pressure 


5- Blower rim air temperature 
6. Engine speed 


in combination. 


The method of testing was to operate at any chosen set ot 
compression-ratio, spark-advance, engine-speed, and blower 
rim air-temperature values and lean out the mixture until 
detonation occurred. Because both the relation of supercharger 
tip speed to engine speed and the cruising power output were 
specified as operating conditions, definite variations of blower 
rim air temperature and mean effective pressure with engine 
speed had to be maintained. The results of the tests made at 
compression-ratio values of 6.0:1 and 6.6:1 are presented in 
Fig. 7. A brief explanation of this figure may be helpful. 

At the top of the figure are shown the multicylinder varia 
tions of mechanical efficiency, indicated mean effective pres 
sure, and blower-rim air temperature, with engine speed, for 
the 7oo-hp cruising-output condition. Below is shown the 
minimum fuel-air ratio which could be obtained at each speed 
before detonation occurred. Finally, at the bottom of the 
figure, are shown corresponding variations of the equivalent 
multicylinder indicated and brake specific fuel consumption 
values with engine speed. The data on this figure show that, 
for an engine equipped with a direct-connected gear-driven 
supercharger and operated at a specified cruising power which 
comes in the detonating range of the fuel, there is a definite 
engine speed at which the lowest non-detonating brake fuel 
consumption is obtained. It is also demonstrated that, at this 
optimum operating engine speed, a better net economy prob 
ably can be obtained by a reduction in the engine compression 
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Fig. 7—Engine speed is plotted against imep, mechanical 
efficiency, intake temperature, fuel-air ratio, and detonation- 
limited specific fuel consumption, for two compression ratios 
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Fig. 8-— Effects of spark advance and compression ratio on 
detonation-limited fuel consumption are shown 


ratio than is possible by suppressing the detonation by mixture 
enrichment. 

The results of further tests on the detonation-suppressing 
effects of spark-advance setting, which were made at approxi- 
mately optimum engine operating speed, are presented in 
Fig. 8. These tests also indicate that, from an economy view 
point, it is more profitable to suppress detonation by retarding 
the spark than it is to obtain suppression by enrichment of 
the mixture. It should be remembered that these conclusions 
apply only when detonation must be suppressed at some high 
value of cruising output. Lowering the operating-output 
requirements of this engine would lower the corresponding 
mean effective pressure requirements and change the situation 
entirely. 

The results of a third set of check tests, in which the detona 
tion-limiting effects of changes of intake-charge temperature 
were investigated, are presented in Fig. 9. It was assumed 
that these charge-temperature reductions would be brought 
about by supercharger-gear-ratio changes or by intercooling. 
In these runs the 700-hp cruising-output conditions again were 
assumed and constant-imep, engine-speed, and spark-setting 
values were maintained. The runs were made on the 6.6:1 
compression-ratio piston. At the spark-advance-setting, mep. 
and imep values chosen, it was possible to obtain as good 
non-detonating economy at 25 deg spark setting on the high- 
compression piston as had been attained at lower spark settings 
on the 6.0:1 compression-ratio piston. Detonation control by 
intake-charge-temperature reduction was found to be as 
effective as any of the other detonation-control methods 
investigated. 

It was shown in the foregoing studies that detonation sup 
pression at cruising conditions is obtainable by spark-advance, 
intake-charge temperature, compression-ratio, and mean- 
effective-pressure control. At constant power output the det- 
onation control by mean-effective-pressure changes is accom- 
plished simply by increasing the engine speed. Beyond a 
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certain point this increase is accompanied by a penalty of 
higher brake specific fuel consumption, as the increased engine 
speed not only reduces the brake mean effective pressure re 
quired to develop the required horsepower, but also increases 
the friction mean effective pressure. Engine mechanical eff 
ciency is expressed by the equation, 

Mechanical efficiency = “tansy ttm (2) 
Hence the reduction in brake mean effective pressure and the 
accompanying increase in friction mean effective pressure 
accompanying a speed increase, results in a large decrease of 
mechanical efficiency, which increases the detonation-limited 
brake-specific fuel consumption in spite of the fact that the 
corresponding limiting indicated specific consumption is low 
ered consistently. 

The foregoing methods of avoiding detonation at best 
economy conditions are somewhat limited in their application. 
The better methods appear to be those which involve the 
reduction of compression temperature in the cylinder without 
appreciably reducing the cylinder mean effective pressure. The 
reduction of charge temperature and cylinder operating tem 
peratures, and the use of excess air, are the means which give 
the most efficient results. 


Limitations on Maximum Output 


Up to now the economy possibilities and detonation limita 
uuons for cruising conditions have been discussed with no 
mention being made of the effects of the various variables on 
maximum engine output. In general, the maximum output 
of a given Otto-cycle engine is limited mainly by the maxi 
mum allowable engine speed, cylinder and bearing loading, 
and the occurrence of detonation. Of these limitations the 
engine speed and structural factors are dependent mainly on 
design and materials, and will not be discussed further. If it 
is assumed that these structural factors can be overcome either 
by added weight or by improved design and materials, the 
detonation problem still is left to be solved. The factors which 
affect detonation limits at maximum-output conditions are 
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Fig. 9—The effect of blower-rim air temperature on detona- 
tion-limited specific fuel consumption is illustrated 
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Fig. |1-—Variation of detonation-limited take-off imep with 

charge temperature shows that the detonation-suppressing 

effect of mixture enrichment is largely dependent on the 
charge temperature 


identical to those encountered at cruising-output conditions, 
but different means may be employed to combat the detonation 
as economy is relatively unimportant for this condition. The 
detonation-suppressing means which are currently most used 
are those afforded by rich gasoline-air mixtures and retarded 
spark settings. Fig. ro illustrates the effectiveness of the 
enriching method. It should be noted that little is to be 
gained in non-detonating output by increasing the fuel-air 
ratio beyond a value of 0.105. This is approximately the fuel 
air ratio now being employed on 6.5:1 compression ratio, 
100-octane engines, so that no more improvement can be 
expected from this source. A single-cylinder study was made, 
not only to investigate the effects of rich mixtures on detona 
tion limits, but also to discover any further possibilities of this 
suppression means. 

Fig. rr shows the results of the first part of the study. A 
plot of limiting imep against mixture temperature for both 
enriched and best-power mixtures shows that the detonation 
suppressing effect of mixture enrichment is largely dependent 
on the charge temperature, and that less is to be gained from 
this source at extremely low charge temperatures than is pos 
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sible at the higher temperature values. Other detonation runs 
were made in which the power output was obtained at all 
times by operating on 87-octane gasoline supplied at approxi- 
mately the gasoline-air ratio for correct combustion, and 
enrichment beyond this point was supplied by various sec- 
ondary fuels with higher heat of vaporization values than 
gasoline. The secondary fucls were: 

A. Benzol. 

B. Methanol (methyl alcohol ). 

C. No. 5 anilol (aniline + alcohol). 

D. Isopropyl ether +- lead. 


The results of these tests are shown in Fig. 12. By far the 
best detonation-suppressing results were obtained by enrich- 
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Fig. 12 — Results of detonation runs in which the power output 
was obtained by operating on 87-octane gasoline and the 
same gasoline enriched with various secondary fuels 
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ment with the two alcohol-base secondary fuels which have 
not only considerable fuel value but also the highest heat of 
vaporization. Anilol was found to be superior to plain alcohol 
mainly because the aniline in the mixture has an anti-detonat- 
ing effect in itself which is similar to that of tetraethyl lead. 

. Still further single-cylinder experiments were made on the 


' detonation-suppression effects of spark retardation, as sug- 


gested by Messrs. Taylor, Ku, and Kennedy’. The results are 
presented in Fig. 13. As in the case where rich mixtures were 
employed, higher mean effective pressures were found to be 
possible by reducing the spark settings to values as low as 10 
deg before top dead-center with, of course, accompanying 
increased air-consumption requirements. 

: Compression-ratio effects are more or less commonly known 
and have been discussed before. Some results obtained at high 
fuel-air ratios are presented in Fig. 13 to illustrate the general 
desirability of operating at take-off power with as low com- 
pression ratio as possible to keep the detonation tendencies 
and peak pressures from limiting the maximum engine output. 

It was pointed out that the employment of alcohol-base 


‘secondary fuels, low mixture temperatures, reduced spark- 


advance settings, low compression ratios, and high fuel-air 
ratios all permit increased engine take-off output at the ex- 
pense of operating efficiency. Nevertheless, some of these 
devices should permit increases of compression ratio for fuel- 
economy purposes if other means are employed to suppress the 
detonation at cruising conditions. Here, as in the case of the 
cruising-output condition, improved fuels will obviate the 
necessity of such inefficient operation. Fig. 14 illustrates the 
desirability of the utilization of such fuels as soon as they are 
obtainable. The ultimate possibilities of fuel improvements 
have been ably discussed by Messrs. Heron and Beatty*. 


Proposed Methods of Improving Economy 


A review of the previous studies indicates that fuel-economy 
improvements probably can be obtained in current engines 





2 See the Journal of the Aeronautical Sciences, Vol. 3, ‘No. 9, July, aw 
pp. 326-328: “Spark Control of Supercharged Aircraft Engines,” by E. S. 
Taylor, K. F. Ku, and W. P. Kennedy. 

®See the Journal of the Aeronautical Sciences, Vol. 5, No. 12, October, 
1938, pp. 463-479: “‘Aircraft Fuels,” by S. D. Heron and Harold A. Beatty. 
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shown graphically 


with only relatively minor changes in construction or equip- 
ment and without any corresponding reduction in take-off 
output. 

The first and most important improvement should be to 
provide some spark-advance control which is preferably auto 
matic. High spark-advance settings should be used at low 
speed and low-output cruising conditions, and low settings at 
the take-off output conditions. A gradual change between the 
two extremes undoubtedly would be desirable. With added 
high-output and cruising detonation suppression means avail 
able, some limited increase in compression ratio should be 
possible with 1oo-octane fuel. In order to be able to use the 
higher compression ratios, it would be necessary to operate 
with as low a mixture temperature as possible. To operate 
this way, either intercooling of the mixture charge after com- 
pression by the supercharger, or operation at the lowest im- 
peller tip speed which would provide the necessary cruising 
mean effective pressure, or both, would be required. The 
latter method necessitates the employment of a turbo or a 
multispeed type of gear-driven supercharger. Operation at 
maximum obtainable mechanical efficiency is imperative for 
the best utilization of the fuel. This maximum mechanical 
efficiency invariably is obtained at the lowest engine speed 
which will give the desired cruising power at full throttle or 
at limiting mean effective pressure. This requirement dictates 
the use of a variable-angle propeller which is preferably of the 
constant-speed variety. 

If an Otto-cycle engine is made especially for economy at 
cruising power, with size and weight being of relatively sec- 
ondary importance, even better results may be expected. For 
any one fuel, mixture temperature is the primary factor in 
obtaining detonation suppression without deleterious effect on 
fuel economy. To keep this temperature as low as possible, it 
is suggested that the engine displacement be sufficient to 
provide the maximum desired cruising output, without boost, 
at reasonably low cruising engine speed. In other words, a 
low-speed, naturally aspirated engine which would give the 
desired maximum cruising output at full throttle at sea level 
would be the basic engine. This engine would be supplied 
with the highest compression-ratio pistons which could be 
used at full-throttle mean effective pressure and optimum 
spark setting without encountering detonation on the best 
available fuel. On 100-octane fuel a well-cooled unboosted 
engine with a peak indicated mean effective pressure of 145 
lb per sq in., very likely could employ 8:1 compression ratio 


(Concluded on page 251) 






































Designing the Tire for the Car 


By E. A. Roberts 


The Firestone Tire & Rubber Co. 


NEW method of rating passenger-car tires is 
suggested by the author in which horsepower 
as well as load is used as a governing factor. Tires 
rated by this method, he believes, will give more 
nearly equal service on all makes and models of 
automobiles. Horsepower of the car, he explains, 
was felt to be the factor most likely to be represen- 
tative of the acceleration, cruising speed, and top 
speed of the vehicle. 


Mr. Roberts’ paper presents a comprehensive 
review of tire design and development. Func- 
tional units of a tire are taken up one by one— 
body plies, tread plies, cushion, bead wire, rein- 
force, chafers, sidewall, and tread. Fundamental 
factors that affect tire service are discussed, such 
as load, inflation, speed, and atmospheric tem- 
perature, as well as neglect, abuse, horsepower, 
and road surface. The author also considers the 
various types of tire failures; a graphic method 
of measuring tread movement; tire development 


and improvement; costs; and tailoring the tire to 
the car. 


to bear in mind that tire design is a compromise between 
all the various phases of durability and performance. 
There is a very vital correlation between these factors to such 
an extent that, in the improvement of any phase of tire per- 


formance, it is necessary to consider its effect on all other 
phases. 


I designing the tire for the automobile, it is first necessary 


In selecting the proper tire size and type for the car, con- 
sideration must be given to a number of factors. Not only 
must the weight of the car be considered, the desired pressure 
for easy riding, vibration absorption, and so on, but the prob- 
ability of satisfactory tire life and service. Hence, a review of 
the functional units of a tire and the factors affecting its ser- 
vice is necessary. 

Components of a Tire 


A tire consists of the following: 1. body plies, 2. thread 
plies, 3. cushion, 4. bead wire, 5. reinforce, 6. chafers, 7. side- 
wall, and 8. tread. 

Fig. 1 is a drawing of a tire section illustrating the units of 
the tire. 


Body Plies —- Body plies are composed of cord fabric having 
22 to 24 ends per in. This fabric is made by spinning cotton 


{This paper was presented at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 12, 1939.] 
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into threads of certain weights and combining 8, 12, or 15 of 
these threads in two additional spinning processes to form a 
tire cord. These cords are then woven into a sheet having 
only very small cross-threads to hold them in place or, in the 
case of creel fabric, are processed without the use of the small 
cross-threads. These layers of cords then are either dipped in 
a rubber solution or frictioned with rubber compound, after 
which additional layers of compound are added on both sides 
of the fabric. This rubber provides insulation for each layer 
of cords. These plies are now built into the tire with alter- 
nate plies running at opposite angles. 

The crown angle, or the angle at which these cords run, 
has a very definite effect on tire performance and tire life. If 
the crown angle is low, that is, more nearly straight across 
the tire, the whole tire shape becomes more round, causing 
faster tread wear, higher heat development, and more lateral 
distortion of the tire under stress which, in turn, causes in- 
stability of the automobile. 

On the other hand, if the crown angle is too high, that is, 
with the cords running more nearly parallel to the circum- 
ference of the tire, the tire deflects less, is harder riding, and 
has an increased stress per cord, due to the longer arc which 
the cord takes. This condition results in higher tension on 
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Fig. 1-The components of the tire are illustrated in this 
cross-section 
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the rubber compounds and consequent greater tread cracking. 

An all-around compromise between features of high and 
low crown angle has shown that the best angle to use ranges 
between 48 and 53 deg, measured from a line straight across 
the tread to the angle of the cord. 

Regarding the gage of plies, it has been found that putting 
too little rubber between the cords allows them to contact 
each other and fatigue themselves, whereas too much rubber 
causes a thicker tire than is necessary, and a consequent 
higher build-up in tire temperature. 

In the manufacture of tire cords, twist and density are 
important factors, higher twist giving the tire much greater 
resistance to repeated flexing, and higher density cords having 
the advantage of requiring less insulation and consequently 
making thinner, cooler-running tires. 

As a general rule, it has been found that an overall ply gage 
0.004 in. to 0.005 in. thicker than the gage of the cord itself is 
most desirable. 

Tire cords in passenger-car tires operate under a stress, at 
normal pressures, of 2% lb to 3 lb per cord, whereas their 
tensile strength is 15 lb to 17 lb, thus showing a safety factor 
of approximately 6. This strength is tested for in the finished 
product by inflating the tires hydraulically until they burst, 
and results show that normal four-ply tires, ordinarily oper- 
ated around 30 |b per sq in. pressure, will burst at approxi- 
mately 200 lb per sq in. internal pressure. This factor of 
safety is necessary to guard against lessened strength due to 
fatigue, and to resist stresses from impacts. 

Tread Plies — Tread plies are layers of fabric which serve to 
bond the tread to the cord body, and are either one or two 
layers of openly spaced cord fabric. As a rule, these cords are 
surrounded by heavier layers of compound than the plies 
themselves, because they have to dissipate most of the move- 
ment generated by the tread stocks, which are relatively hard. 
In addition, the tread plies dissipate and distribute shocks 
caused by tires striking objects on the road, adding their 
strength to that of the cord body to resist impacts and fa- 
tiguing. They also resist the tendency for the tread to force 
itself down the sides of the round cord body, which would 
loosen the tread. The widely spaced fabric provides more 
rivet area and, consequently, much greater adhesion at the 
points where the heat and action are greatest. 

Cushion - The cushion is a layer of rubber between the 
tread plies and the tread itself and serves, in conjunction with 
the tread plies, to create a step-off in hardness between the 
tread compound and the body stocks. It also assists the tread 
plies to absorb impacts and acts as a flexible coupling, allow- 
ing some independent movement between the tread and cord 
body, thus greatly reducing strain and fatigue. 

Beads — The function of beads is to provide strength neces- 
sary to hold the inflated tire body on the rim. Steel piano 
wire is used for this purpose and must have, in addition to 


a 
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Figs. 2 and 3—Profile of 6.00-16 tire at rated load and 

pressure (deflection, 1.04 in.) is shown in Fig. 2 (left), com- 

pared with profile of same tire at 50% overload (deflection, 
1.40 in.) illustrated in Fig. 3 


high tensile strength, enough ductility to withstand repeated 
flexing. After the wire is drawn, it is coated with either 
liquor finish or brass plating to prevent corrosion and provide 
better adhesion between the steel and rubber compounds. 

In the tire plant the wire is insulated with a semi-hard 
rubber compound. This insulated wire is then wound on 
chucks of the proper diameter and covered with various rub 
ber compounds and fabrics. 

Beads are stressed to approximately one-sixth of their orig 
inal bursting strength. 

Reinforce — Strips of square-woven fabric are then put 
around the beads to strengthen the bead area and provide a 
step-off in stiffness from the rigid bead to the flexible side 
wall. The bead unit is held in the tire by the plies turning up 
around the reinforce and wire, and formed into an integral 
part by the curing process. 

Chafers — Chafers are strips of square-woven rubber-coated 
fabrics that go around the outside of the bead and, in con 
junction with the lower part of the sidewall, prevent the stee! 
rim from chafing into the tire. They also add to the stiffness 
of the lower sidewall. 

Sidewall — The sidewall of the tire is a layer of rubber com 
pound covering the sides of the cord body to protect them 
from abrasion by curbs, ruts, and so on. This compound, t 
be effective, must be hard enough to resist abrasion and must 
be able to withstand considerable flexing. It must retain its 
elastic properties with age so that sunlight and ozone do not 
start weather cracks that flexing would develop until they ar 
deep enough to cause tire failure. 

The shape and design of the sidewalls are important. A 
decorative groove might become a flexure point during the 
deflection of the tire and crack through the compound at this 
point. 

As in the design of automotive parts, the proper filleting ot 
sharp edges reduces hinge points and prevents failure. 

Tread — The tread of the tire has the function of providing 
abrasion resistance against the road surface and, in so doing. 
provides the traction between car and road necessary to start, 
stop, and steer the car. The tread is composed of two parts: 
rt. the part that flows into the design engraved in the mold 
and called the non-skid design, and 2. the tread base. The 
function of the tread base is to provide a foundation for the 
design elements, mainly to prevent cracking. This thickness 
is approximately one-half the thickness of the design. A thin 
tread base would allow undue flexure at the bottom of the 
grooves resulting in tread cracking and, if the base is too 
thick, the tire becomes hotter than necessary with the resul 
tant tendency for heat separation failures. 

The design of the non-skid part of the tread affects nearly 
every factor, not only of tire service, but of car performance 
as well. In designing the pattern of the tread, the following 
thoughts must be borne in mind: 

The tread pattern must be worked out to give long quiet 
tire life and also to provide good traction characteristics. 

The grooves between the ribs must have the proper width. 
shape, and filleting to prevent cracking; yet they must not be 
too wide, as this design reduces the non-skid life. 

The very flat tread contours, as a rule, produce better tread 
- due to sees distortion * - tread on gine: a contact 


this peapect are exceeded, “ past iy are excessive heat gen 
eration, harder steering, poor handling, and lack of side-skid 
traction. 


As regards the tread compound itself, the hardness, carbon 
black content, and so on, must be worked out as a com 
promise between abrasion resistance, cracking resistance. 
harshness, heat generation, and so on, with the harder com 
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pounds, as a rule, providing better mileage with a sacrifice in 
most other respects. 


Review of Tire Service Factors 

In the matter of tire life or durability, a review of the 
factors affecting tire life, and the manner in which they fail, 
is necessary. 

Tires fail fundamentally from overstressing of parts, either 
instantly or from fatigue caused by heat and an accumulation 
of stresses. 

Tables have been compiled by the members of the Tire and 
Rim Association for a maximum carrying capacity and infla- 
tion for each tire size and type. These tables are based on a 
percentage deflection of the tire that the manufacturers know 
the tire will stand. The working theory of these tables is that, 
the larger the tire size, the lower the pressure required for a 
given tire load. This condition is because large tires deflect 
at a slower rate and, in addition, necessarily have to deflect 
more in amount to equal the same percentage of deflection. 

The fundamental factors that affect tires are load, inflation, 
speed, and atmospheric temperature, with the other elements 
of neglect, abuse, car factors such as horsepower, road sur 
faces, and so on, affecting service of the tires as well. 

An increase in load or a decrease in pressure causes exces 
sive deflection which not only puts an undue bending mo 
ment on all parts, tending to fatigue them, but also builds up 
heat which weakens the cords and compounds, making them 
less able to stand repeated stresses. 

In this connection Fig. 2 shows a profile of a tire at normal 
load and pressure and Fig. 3, a profile of a tire at 50% over 
load, which shows the greater bending strains in the over 
loaded tire. The same thing, of course, happens when the tire 
is under-inflated. 

Heat is built up by the working of the tire and is affected 
by: 1. the amount of deflection-the higher the load and 
lower the pressure, the greater amount of movement; 2. the 
frequency of the distortion as represented by speed; and 3. the 
cooling effect of the air as represented by atmospheric tem- 
perature. 

In order to evaluate these factors properly, the chart of 
Fig. 4 gives results obtained on a test wheel where all the 
conditions can be kept constant and determinations of the 
internal heat made very accurately by means of a potentiom 
eter connected to a thermocouple inside the tire. 

This chart graphically illustrates the relative effect that 
speed, load, pressure, and atmospheric temperature have in 
the generation of heat in a tire. 


Types of Tire Failures 

Aside from tread wear, these types can be classed funda 
mentally into three groups: 

1. Failures Caused by Heat 

High-Speed Separation -In this case the heat deteriorates 
and weakens the rubber compounds rapidly, so they do not 
have the strength to resist centrifugal or bending-moment 
stresses. The shearing strain then either causes the tread to 
loosen from the cord body or the plies to loosen from each 
other. Fig. 5 shows an example of a high-speed separation 
failure. 

Crown Breaks —In this type of cord body failure the heat 
weakens the cord plies at some flexing point near the crown 
of the tire, causing them to break and the tire to fail. Fig. 6 
shows an example of a crown break. 

These types of failure generally are tested for on a smooth 
test wheel, run at high speed, high load, and hot room tem 
perature. The heat generated under these conditions and the 
rapidity of the action rapidly deteriorate the compounds and 
cause separation or weaken the cords to such an extent that 
they fail. 
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Fig. 4 — Generation of heat in a tire is affected by speed, load, 
inflation pressure, and atmospheric temperature as shown 


Thermocouples installed in the tire and recording the heat 
development greatly aid in a study of this type of failure. 

2. Failures Caused by Fatigue 

This type of failure comes from repeatedly overstressing 
parts of the tire until they are weakened to the point where 
failure occurs. 

Fatigue Tread or Ply Separation — Separation is caused by 
pounding on rough surfaces like gravel that concentrate the 
load on small areas of the tread surface. Tests to duplicate this 
condition are made by equipping test wheels with rivets that 
strike the tread every revolution of the wheel. The body 
compounds deteriorate and separate, either between tread and 
cord body or between the plies themselves. This deterioration 
of the compounds is greatly hastened by heat. Fig. 7 shows 
an example of this type of failure. 

Flex Breaks— When the cord body is deflected too much 
either by overload or under-inflation, as shown in Fig. 3, the 
sidewalls of the tire are forced to bend through too small an 
arc, thus putting added strain on the outer plies and relieving 
strain on the inner cords during contact. Then, as the tire 
rolls on around, the strain is again equalized. This alterna 
tion or cycle occurs from 700 to 750 times per min at 60 mph 
and tends to weaken the cords if the deflection is excessive. 
These breaks occur mostly in the shoulder and reinforce areas, 
producing a circumferential break. Figs. 8 and 9 show these 
breaks. 

Overload cannot be remedied merely by using higher infla 
tion because this expedient increases the stress per cord. It 
has been found that cords fail if their critical strain points, 
which are approximately 3 lb per cord in passenger car tires, 
are exceeded. 

As in fatigue, the effect of heat is to reduce the strength and 
elasticity of the cords, thus hastening their failing point. 

Tests for flex breaks usually are run on a road-test fleet 
using an undersized tire and overloading and underinflating 
to increase the deflection. This method accelerates the test 
and produces failures at early mileages. For example, 7.00-16, 
4-ply tires are tested on a car normally equipped with 7.50-16, 
6-ply tires. By this means of testing, not only can better cord 
fabrics be developed and studied, but also the location of the 
flexing points of each construction can be determined. 

3. Failures Caused by Impacts 

Rim Bruises — This failure is caused by an object, such as a 
large stone or a curb, actually crushing the tire against the 
rim flange. Under-inflation is the principal cause of this type 
of failure, and it can occur in either new or old tires, as the 
tire fails from one blow. 
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Fig. 5—Example of high-speed sepa- 





ration failure caused by heat that 
deteriorates and weakens the rubber 
compounds 


Fig. 8-A flex break in the shoulder 
region is caused by overload or under- 
inflation 


Fig. 1! -—Rim bruise impact can re- 
sult in a compound break as shown 


Fia. 6—In the crown break shown the 
heat weakens the cord plies at some 
flexing point near the crown of the 
tire, causing them to break 


Fig. 9—Flex breaks also occur in the 
reinforce region 


Figs. 12 and 13-When a tire is de- 
flected over a sharp pointed object, 
a diagonal impact break (Fig. 12) 
or an "X" break (Fig. 13) may result 


Fig. 7—Fatigue separation is caused 
by pounding on rough surfaces that 
concentrate the load on small areas 
of the tread surface 


Fig. !0-—Rim bruise impact breaks 
are caused by an object, such as a 
large stone or a curb, actually crush- 
ing the tire against the rim flange 


However, heavy loads and high speed can contribute to 
make the impact greater. 

Fig. 10 shows this type of failure which usually occurs in 
the shoulder of the tire. However, it sometimes occurs just 
above the rim flange, or can be a compound break, as shown 
in Fig. 11. 

The break is usually so small that the tire does not blow 
out, but chafes through the tube. There is often enough lapse 
of time, however, so that the driver does not connect up the 
blow to the tire with the tube failure. 

A test machine that drops the tire and wheel assembly on 
an angular rail is the approved method of testing for this 
failure. With this method conditions can be controlled more 


accurately than by driving a car over a curb or other obstacle. 

The tensile strength of the cord, the inflation pressure, and 
the proper stiffness of the lower sidewall region are the main 
factors affecting resistance to this type of break. 

Diagonal or “X” Breaks - When a tire is deflected over a 
sharp pointed object, the inner plies are put under a terrific 
distending strain and sometimes rupture, causing diagonal or 
“X” breaks such as shown in Figs. 12 and 13. 

This type of break is more prevalent in regions where 
rough roads are the rule rather than the exception, as drivers 
will maintain higher rates of speed over continuous rough 
roads than they will when only an occasional bad stretch of 
road, such as detour, is encountered. Six-ply or oversize tires 
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often give the most economical service under such conditions. 

An indoor test machine that forces a small rounded plunger 
into the tire is used for testing for impact break resistance. 
The plunger is run into the tire until the cords are heard to 
break, and a record is kept of the energy required and depth 
of penetration to cause failure. High-tensile fabric and low 
inflation are the principal factors improving resistance to these 
breaks. 

Punctures — With regular tubes, probability of puncture de- 
pends on thickness of tires, hardness of tread stock, and so on. 

Tires with equal distribution of pressure on tread area are 
less likely to pick up objects, such as glass. 

Frequent attention will reduce the number of punctures as 
some objects tend to work their way in. In fact, we have 
found that an X-ray is practical in locating foreign material in 
tires. 

Puncture-proof tubes are almost a necessity in some regions 
of the Southwest where there are numerous thorns on the 
secondary roads. They do, however, affect the performance of 
the car when operating at high speed. 

Tread Wear-—This item is dependent on the following 
tactors: 

1. Speed — Results of a test just completed show 100% 
more rear and 145% more front mileage at 55 mph than at 
7o mph. 

2. Driver — We all know individuals who accelerate and 
brake hard—turn corners fast, and so on. They naturally 
cause faster wear on tires. 

3. Car — Horsepower, acceleration, weight, handling, align- 
ment, and so on. The car imposing great stress on the tire 
naturally shortens its life. 

A survey of cars in the last five years shows: 

a. An increase in car weight per pound of tire of 6%. 

b. An increase in horsepower per pound of tire of 14%. 

c. An increase in top speed stress of 15%. (Based on the 
square of the speed which is a very conservative measure of 
the stress. ) 

These three factors alone show a combined average increase 
of 35% but some individual models show up to 90% increase 
in the foregoing factors. 

4. Tire Size - A large area of contact reduces the unit stress. 

5. Inflation —- Low inflation causes more movement, greatly 
reducing the tire life. 


Measuring Tread Movement 


Some time ago we developed a method of measuring tread 
movement in an effort to concentrate road tests on a few 
promising designs rather than scatter our efforts over a greater 
number. This method consisted of depositing a coating of 
silver on a glass plate, sprinkling the surface with an abra- 
sive, and then driving over it with the tire. 

By this means not only were designs studied, but also the 
effect of pressure and acceleration, and I use this method to 
bring out the difference in tread movement caused by these 
two factors. 

The following pictures illustrate the movement (repre- 
sented by the length of the lines) of the tread parts on the 
glass. In the test calculations, a number of these lines are 
measured and represent an empirical “wipe ratio.” 

Fig. 14 shows a tire at 35 lb per sq in. inflation coasting 
over the glass and we will designate this wipe ratio as 100%. 

Fig. 15 shows a tire under the same conditions except for 
20 lb per sq in. inflation and which has a wipe ratio 80% 
greater than at 35 lb per sq in. pressure. Note also the complex 
movement of the outer part of the tire tread moving toward 
the center and back, best illustrated in this picture. 

Fig. 16 shows a tire at 35 lb per sq in. inflation accelerating 
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in third gear. This condition has a wipe ratio 223% greater 
than coasting. 

Fig. 17 shows a tire at 35 lb per sq in. inflation accelerating 
in second gear; it has a wipe ratio 515% greater than coasting. 

The difference between Figs. 16 and 17 shows why one 
person, by hard driving, will get only 5000 to 8000 miles on 
a set of tires, whereas another will get 25,000 to 30,000. They 
also show why one car will wear out tires in normal driving, 
in 12,000 to 15,000 miles, while others will give 18,000 to 
20,000 miles. 

Another factor, which cannot be based on percentage be- 
cause of its intangibility, is handling. People drive at speeds 
at which they feel safe, and it is not unusual to hear car engi- 
neers or customers admit that his new model will take curves 
at 65 mph that formerly could only be taken at 50 mph. 

Every move that car engineers or tire engineers make to 
improve handling, cornering, stability, noise reduction, and 
traction not only makes it possible to drive at higher speeds, 
but makes it exceedingly probable that people will drive 
faster, thus putting greater strain on cars and tires alike. In 
short, we have created a Frankenstein monster and then have 
to work hard to keep it from destroying us. 


Tire Development and Improvement 


The foregoing discussion has tended to bring out the fact 
that the present cars demand a great deal more of tires. It is 
now my purpose to show what has been done in the line of 
tire development and improvement in order that tires keep 
pace with the automotive industry. 

The history of tires parallels closely the formula of the 
automobile. Some years ago it was the practice to build cars 
stiff and unyielding because movement meant additional 
strain. In those days the passengers had to “take it” because 
the car and the tires could not. Gradually, however, as engi- 
neering skill found methods of eliminating and providing 
resistance to strain, the parts of the car were allowed to move 
more freely —- engines were balanced and put in softer mount- 
ings — springs were softened and allowed to operate through 
amplitudes and stresses that would have caused the steel of 
yesterday to fail at early mileages. . 

The same can be said of tires which could only “stand up” 
(and, by standing up, I mean run 3000 to 4000 miles) when 
inflated to 55 and 65 lb per sq in. pressure. Then, as in the 
case of the automobile, better fabrics, rubber compounds, and 
constructions were developed and, with this progress, it was 
practical to allow tires to deflect more and operate at lower 
pressure, thus providing cushioning, comfort for the pas- 
sengers, and greatly increased traction and car contro!. At 
the same time tires would run five to ten times as far as 
formerly. 

Improvement in tires can be traced to the following sources: 

1. Improvement of raw materials and component parts of 
the tires - Experimentation with type and staple of cotton, as 
well as with the twist, density, stretch, tensile strength, re- 
siliency, and uniformity, resulted in tire cords that are greatly 
improved to resist flexing, fatigue and impacts, as well as in a 
reduction in the running temperature of the tire. 

Methods of cord processing, dips, and tire body stocks also 
have undergone continual testing and revision to obtain more 
resistance to heat and to develop less heat. In addition, better 
and more uniform adhesion properties were obtained by this 
development. 

Treads have undergone an evolution by which they have 
become heavier, deeper, flatter, and wider. The tread of the 
modern tire must be able to stand the millions of flexes a tire 


receives, as well as to have resistance to cutting, chipping, and 
wear. 
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To obtain the dispersion and homogeneity necessary for 
wear and flex resistance in a tread stock, special carbon blacks 
have been developed with particles so small that it takes thou- 
sands of them, grouped together, to be visible to the naked eye. 

Anti-oxidants, which are analogous to the rust-proofing 
constituents in stainless steel, also have been developed to 
reduce the harmful effects of age, sunlight, and ozone. 

2. Development of constructional features — As cars became 
faster and more powerful it was necessary to lower the center 
of gravity, and tires were developed to share in this program. 
It was found that the material formerly used to make small- 
section, thick, large-diameter tires could be used more wisely 
to make large-section, thin, small-diameter tires. 

This gradual change is shown by the following comparison 


, of tire sizes used by the popular size cars: 





It is easy to imagine how dependent the modern car is on 
the flexible large-section, low-pressure tires of today to absorb 
road irregularities and vibrations and to provide comfort for 
passengers. 

The wide, flat treads of large contact areas to provide trac 
tion, braking force, and resistance to side skid, are necessary 
to handle the tremendous power, high speed, and braking 
characteristics of present-day automobiles. 

3. Improved methods of manufacture and control — Th 
modern tire necessarily must be made with the same precision 
as the automobile. Throughout the entire manufacture a care 
ful control of materials and methods is maintained. 

Ply gages are controlled automatically to the thousandth of 
an inch and treads are weighed as they are extruded. 

With regard to compounds, a sample of each batch is cured 
and checked before being released, and a record is made of 
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Fig. 14—The tread movement illustrated represents a tire at 
35 Ib per sq in. pressure coasting over the glass 


Fig. 16—Tread movement of a tire inflated to 35 lb per sq 


in. accelerating in third gear 


Fig. 15-—Tread movement under the same conditions as that 
of Fig. 14 except that inflation pressure is 20 Ib per sq in. 


Fig. 17—Tread movement of a tire inflated to 35 Ib per sq 
in. accelerating in second gear 
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develop heavy ends during shrinkage while cooling. Also the 
many operations now done by machinery result in a precision 
never possible by hand-building methods. 

Weight Analysis—In connection with the development of 
tires, as means were developed to strengthen and improve 
tires, it was found that a lower percentage of the tire weight 
was needed to contain air and withstand stresses, and a higher 
percentage of the weight could be put in the abrasion-resisting 
components, especially the tread, thereby adding greatly to the 
useful tire life. This trend is shown in the following table: 


Per Cent of Weight 


30x 3% 6.00-16 
Air-containing parts (tube) 14% 10% 

2. Stress- -resisting parts (cord body, beads, reinforce, 
and tread plies).. 5370 41% 
Abrasion-resisting parts ‘(tread, sidewall, ‘chafer) 33% 49% 


The abrasion-resisting parts are now roughly one-half in- 
stead of one-third of the tire weight. 

Costs — Also, as in the case of the automobile, in order that 
the public have the benefit of a better product at a lower price, 
it was necessary to reduce manufacturing costs. Flat drums 
replaced the old core method with its laborious hand-paddling 
of plies and machinery was devised that literally feeds the 
component parts into the builders’ hands, while foot pedals 
automatically operate stitchers and roller bars. 

By these means a man can build ten times as many tires as 
formerly and can pass this benefit on to the consumer. 


Tailoring the Tire to the Car 


After reviewing the phases of design affecting tires from a 
service angle, we now turn to the very definite part the tire 
must play in the performance of the car itself. 

By its contact with the ground it must start and stop the 
car, make it steer, turn corners, and so on. In addition it 
must assist the suspension in providing riding comfort and 
must not contribute any disagreeable characteristics of its own 
such as noise, squeal, shimmy, or static interference with the 
radio. 

As a basis for the discussion a chart (Fig. 18) is shown, 
giving the effect of tire size and pressure on the car per 
formance. 

Stability and Cornering - This group of handling charac- 
teristics requires defining to denote the exact sense of the term: 

Stability — Stability is best described as a time factor. It can 
be described roughly as the time that it takes for the tires and 
the suspensions to do the work of bringing the car back to 
lateral equilibrium after it has been thrown out of equilib- 
rium, either by turning the front wheels or by wind effect. 

The shorter the length of time required for the car to re 
turn to lateral equilibrium, the greater the feeling of security, 
and the greater the actual safety. 

The factors in tires affecting stability are: 

1. Tire Size- The larger the section (even at correspond- 
ingly lower pressures), the better the stability. The explana- 
tion for this fact is that a high lateral thrust on a small tire 
forces the tire to roll under the rim to the extent that excessive 
strain is put on a few of the shoulder elements and, from this 
point on, its cornering power actually decreases whereas, with 
the larger-size tire, this point of diminishing resistance may 
not be reached. 

2. Pressures —- Higher pressures result in less lateral deflec- 
tion of tires. A differential in pressure (lower front than 
rear) is the ideal combination, as the greater weight and 
windage area of the rear require a higher pressure to give 
equal lateral deflection. This condition creates a condition of 
equal movement or a sort of drift, instead of a “fishtail” or 
rear-end-steering effect that calls for constant correction by the 
driver to maintain a straight path. 
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Fig. 18—The effect of tire size and inflation pressure on car 
performance is illustrated in this chart 


Wide rims are more stable, but the gain is modified by the 
fact that they also reduce the deflection and riding comfort. 

Higher crown angles are helpful, but again produce harder 
riding and, in addition, are limited by the durability angle, 
particularly tread cracking. 

The principal factors of tread design affecting stability are 
contour and placement of tread elements. 

Treads that are too flat place an undue strain on shoulder 
units, and are not as good for stability as rounder treads 
where the work is shared more equally by all the ribs. 

In a similar manner also, the width and position of each 
rib or non-skid unit must be such that all do their part of the 
work. 

Cornering - By “cornering ability” or “cornering power” 
we mean the ability of the tire to exert side thrust when the 
direction of travel is changed and thus do the work of chang- 
ing the direction of travel of the car. 

Cornering is related very closely to stability because the tire, 
rim, and pressure combination that brings the car to a posi- 
tion of lateral equilibrium quickly, generally has very satis- 
factory cornering ability. Therefore the aforementioned fac- 
tors of tire design affecting stability can be applied to the 
problem of cornering ability as well. 

Traction — Traction on wet and slippery roads should be 
considered in two phases: 1. stopping ability, and 2. side-skid 
resistance. 

1. Stopping Ability - The following factors affect stopping 
ability: 

A. Tread Design- Smooth tires are dangerous because a 
non-skid design offers as much as 40% more traction with 
wheels rolling, and 28% more traction with wheels locked, 
than a worn, smooth tire. 

B. Surface —- Concrete is considered the least variable surface, 
though not necessarily having the greatest coefficient of 
friction. 

Asphalt is the most variable surface, depending upon the 
type, age, amount of sand in the finish, and so on, and can be 
better than concrete or very much worse. 

Brick pavement varies considerably and is affected espe- 
cially by the type and amount of filler used. 

C. Whether Wheel is Locked or Rolling- A rolling wheel 
can have as much as 30% higher coefficient of friction than a 
locked one. 

D. Speed - The coefficient of friction is less at higher speed 
as shown in the following table: 


Coefhicient of Friction on Wet Concrete 


Speed, mph Rolling Sliding 
10 100% 91% 
20 89% 71% 
30 86% 59% 
40 83% 53% 
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Fig. 19-—The proposed method of rating passenger-car tires 
suggested in this chart uses horsepower as well as load for 
@ governing factor 


Traction on wet pavement is tested in various ways on a 
car by measuring the stopping distance, deceleration, and so 
on, but, of necessity, this method means locking the brakes, so 
only results on sliding traction are obtained. 

Our best test results on traction are obtained with an outfit 
having the test tire on a trailer pulled by a car. As the brake 
is applied to the test tire, a dynamometer between the trailer 
and car measures the tractive effort exerted by the tire. 

This force is recorded on. a chart which also shows, by 
means of a spark gap connected to a cam on the axle, the 
point in the application of the brake where rolling traction 
ends and sliding traction begins. 

2. Side-Skid — The ‘side-skid resistance depends principally 
on contour, number and width of ribs, and, as in the case of 
stability, the tire most effective in this respect is the one in 
which all the ribs share in the work. 

Testing for side-skid resistance is done on an apparatus 
which forces the tire to run at an angle and measures the side 
force exerted by the tire in this position. 

It is also done on a car by driving in a definite circle at 
increasing speed and noting the speed at which slippage 
occurs. 

Collaboration with Car Design —- The car engineers’ part in 
helping the tire to perform satisfactorily for stability, corner 
ing, and traction has been to raise roll centers, better distribu 
tion of thrust front and rear and side to side, and smoother 
braking, all of which tend to distribute the stresses to all four 
tires and make them function more satisfactorily. 

Shimmy — The part played by the tire in causing shimmy 
can be defined very easily. When tires have 1. unbalance, 
principally static, or 2. untrueness, either radial or lateral, but 
principally the former, they can cause shimmy by setting up 
forces that synchronize with the frequency of the suspension 
at some certain speed. 

Of necessity, the tire and wheel which constitute the rotat 
ing assembly must be considered as a unit, and the total tol 
erances of both held within certain limits of balance and 
precision. 

In selecting what these tolerance limits of balance and run 
out should be, a series of tests should be run to determine how 
sensitive the car is to shimmy. If it is found that extremely 
close limits are necessary and that these limits could not be 
maintained in the field, it is then up to the car designer to 
stiffen the frames, improve linkages, strengthen steering parts, 
or change size or type of spindle bushings to make the car 
more resistant to shimmy. 

The part that the tire pressure plays in shimmy is a vari- 
able one in respect to intensity, an increase in pressure some 
times reducing and at other times increasing the shimmy. 
However, high pressure is consistent in the respect that it 
increases the speed at which shimmy occurs. 

Dynamic balance is a refinement of balance that compen- 
sates for the difference between the plane that the rotating 
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wheel must revolve in, due to being fastened on the spindle, 
and the plane in which the wheel would revolve, if unre 
stricted, due to the center of gravity of its parts. This balanc 
is accomplished by adding weights on both sides of the rim 
diametrically opposite. 

Dynamic balance, however, is not necessary in most orig 
inal-equipment tire-and-wheel combinations, but is often 
essential in the cases where heavier tire-and-tube combina 
tions are used. 

Tire Noises 

Growl on Asphalt - This type of noise starts from excita 
tion of the tire body principally due to heel-and-toe wear, 01 
wiping. 

Factors contributing to irregular wear are: 1. unsupported 
elements of the tread design, 2. low air pressure, and 3. geom 
etry of car, including: 

A. High-camber changes. 

B. High toe-in or track changes. 

C. Poor geometry on turns. 

D. Road kick from geometry of steering linkage. 

Methods of designing the tread to reduce noise are: 

1. Reduce its source (wiping) by means of a rib type ot 
design. 

2. Break up the frequency by changing the pitch of th 
tread pattern. The tire still produces noise if this is done, but 
dissonance instead of resonance is produced, which is neithe: 
as objectionable nor as audible. 

To determine if tires will become noisy, the experimenta 
and control designs are put on identical cars in a fleet test and 
run 4000 to 6000 miles in order to develop any tendency ot 
the designs to wipe. After this mileage, they are run on a 
very quiet car on asphalt streets and the car allowed to coast 
from 30 mph down. By this method any tendency for the tir 
to make noise can be detected. 

Thump on Expansion Joints — The amount of this noise 1s 
largely dependent on how far the tire causes the suspension to 
deflect in passing over the joints. A flexible tire that absorbs 
the jolt in the tread rubber of the design is best for reduction 
of this type of noise, and this flexibility can be obtained not 
only by tread-stock characteristics but also by contour, num 
ber of ribs, and so on. 

Squeal on Cornering — Squeal originates from the concen 
tration of pressure intensity on individual parts of the tread 
design. 

Squeal is affected by: 1. Air pressure —low air pressure in 
creases the intensity of pressure on the shoulders; 2. Number 
and width of ribs; 3. Contour; 4. Shoulder treatment — bot! 
pattern and profile; and 5. Tread-stock qualities and hardness 

Squeal is affected by car design due to the difference in 
distribution of stresses to all wheels. As a general rule the car 
with the best handling has the least amount of squeal. 

Squeal is made worse by a car with 1. High weight transfe: 
from side to side, either front or rear; and 2. High camber ot 
front wheels — induced both by design and flexibility of parts 

Testing for squeal consists first of laying out a course on 
asphalt streets having many sharp turns. Then, with a given 
car and the control tires, the car is driven around each corner 
of the course until a certain amount of squeal is noted, and 
the speed recorded. Afterwards the experimental sets are 
given the same treatment, and the design negotiating the 
turns at the highest speed is rated best from a squeal stand 
point. Notes are also kept on the pitch of the squeal as a 
high-pitched squeal is more objectionable. 

Road Noises from Cobbles and Bricks — The cobbles and 
bricks set up actuating forces on tires to make them a res 
onating chamber. 

The remedy is to have tread and general flexibility of the 
tire absorb as much as possible of these actuating forces. 
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Gravel Throwing — Gravel throwing has become a problem 
since fender skirts have become lower and farther from the 
tires. The rear tires, particularly, tend to project gravel at an 
upward angle. 

The best designs are those that do not retain stones very 
long after contact, because if they do, they shoot the gravel up 
at a great enough angle to hit the fender instead of passing 
underneath. 

It has been found that designs with flexible, narrow ele- 
ments are the worst offenders in this respect. 

Tire Static— The almost universal use of one-piece steel 
tops has created the problem of tire static, by making it neces- 
sary to put certain types of antennae either under the running 
boards, or to make the running board itself the antenna, thus 
putting the receiver closer to the source of disturbance. 

Frictional static is created by the tire rubbing against the 
pavement, especially if the tire has some irregular wear. This 
condition is worse on dry hot days. This static charges the 
body of the car, sparking through grease films on front spin 
dies, and rear-axle parts on the way, and these miniature 
broadcasting stations create havoc with good radio reception. 
In addition, overhead power lines have an inductive effect 
tending to increase this charge on the car body. That this 
charge was considerable on older cars and tires, is shown by 
the fact that sparks 0.10 in. long could be obtained by con 
necting a spark gap between car and ground on ordinary road 
surfaces whereas, with the inductive aid of power lines, spark 
lengths of 4 in. were obtained. 

Car manufacturers have worked on their angle of the prob 
lem (in addition to better shielding and improvement of the 
sets themselves) by grounding the front and rear wheels to 
the car proper with “static collectors,” thus eliminating the 
spark-gap effect. 

From their end, the tire engineers have developed tread 
patterns designed to reduce irregular wear and thus reduce 
the scuffing action, and also have experimented with tread 
stocks to find and eliminate the substances in the tread com 
pound which are responsible for static generation. 


New Method of Rating Tires 


A great deal of success has been achieved in some fields ol 
tire engineering in the matter of considering the other factors 
besides the load to be carried in the rating of tires. 

For instance, tires on trailing vehicles in slower agricultural 
work have been given higher ratings than the same size 
would get in passenger-car service. Conversely, in the earth- 
hauling field, the faster-moving the vehicle and the rougher 
the terrain, the lower the load rating for a given tire. 

Nothing like this, however, has been done in the passenger- 
car field, and the tire is rated for the same load whether oper- 
ated on a car capable of high speeds and extreme acceleration, 
or vice versa. In an effort to include other factors besides load 
in the ratings of passenger-car tires, it was felt that the horse 
power of the car was the factor most likely to be representa- 
tive of the acceleration, cruising, and top speed of the vehicle. 

Therefore, Fig. 19 has been prepared, suggesting a new 
method of rating passenger-car tires, to give more nearly 
equal service on all makes and models of automobiles, by 
using horsepower as well as load for a governing factor. 


Conclusion 


In conclusion, let me state that the full cooperation between 
tire and car engineers in the past has resulted in better all 
around performance of both tire and car, and I am confident 
that a continuation of this relationship in the future will be 
of mutual benefit to both the manufacturers and the public. 
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Discussion 
Foreign Data on Tread 
Wear and Ratings 
Lemon 


ae B. J. 
U. S. Rubber Co. 


HERE exists among tre engineers in general, and even among repre 

sentatives of the same tire maker, confusion of nomenclature used t 
describe important types of tire failure. Some attempt at standardizatior 
of, or agreement on, such terminology would be most helpful to vehich 
engineers, service stations, and the general public. 

Reduction in tread wear of 100% rear and 142% front at 55 mph a: 
contrasted with 70 mph appears small as compared with reports fron 


European sources. Atmospheric temperatures undoubtedly greatly vary 
such results. 


Reports from Germany indicate that “noticeable variations in tread 


wear corresponding to the temperature of the air are found, even in dr 
weather. The change from a mild winter temperature of 41 F to a 
warm summer temperature of 95 F increases tread wear 400% unde: 
otherwise equal conditions.” 

It also was found in Germany that “tread wear for the same distance 
was much less on a fast, well-designed super-highway than on an olde: 
type but broad and well-traveled highway, regardless of the fact that the 
average speed on the super-highway was 6 mph faster” (50 vs. 56 mph) 

Reports from England indicate that tread wear at 

50 mph is twice that at 30 mph 

80 mph is five times that at 50 mph 
100 mph is twelve times that at 50 mph 
130 mph is thirty times that at 50 mph 


The suggested new method of rating passenger car tires by usiny 
horsepower as well as load as a governing factor requires careful evalua 


tion before being seriously considered. Such a new method might war 


rant serious consideration if small horsepower vehicles were popular in 
this Country. Such vehicles are popular abroad; yet no such revised 
rating has appeared to be acceptable or necessary in foreign fields. 


Fuel-Economy Possibilities of 
Otto-Cycle Aircraft Engines 
(Concluded from page 242) 


at optimum spark advance without detonation troubles 11 
subsequently supercharged up to 15,000 ft altitude. For the 
required take-off output, resort to both increased engine speed 
and increased mean effective pressure would be necessary. The 
added manifold pressure required for the increased mean 
effective pressure would be supplied by an infinitely variable 
speed gear-driven supercharger, and detonation would be 
suppressed by means of an alcohol-base secondary fuel used 
to enrich the primary 100-octane gasoline. Added suppression 
could be obtained by spark retardation. For altitude operation 
at cruising power, the same supercharger would be employed 
merely to provide enough pressure at the carburetor entrance 
to maintain the original sea-level cruising output, and inter 
cooling would be necessary to keep the charge temperature at 
as low values as possible. Such an engine should be able to 
operate at approximately 0.380 lb per bhp-hr near sea level 
and 0.395 lb per bhp-hr at 15,000 ft. If a lower cruising criti 
cal altitude were satisfactory, even 9:1 compression ratio prob 
ably could be employed in the suggested engine with about 
0.365 lb per bhp-hr consumption being possible near sea level. 
Full-throttle operation at all cruising powers would be th 
required mode of operation, the cruising output being con 
trolled by changes in engine speed. At lower full-throttle 
speeds and cruising-output values, even better economy would 
be obtained because of the improved mechanical efficiency. At 
reduced power values, the 8:1 compression ratio engine thus 
would be able to operate at approximately 0.365 lb per bhp-hr 
near sea-level and 0.380 Ib per bhp-hr at 15,000 ft. 
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Composite Wood and Plastic 
Propeller Blades 


By Fred E. Weick 


Chief Engineer, Engineering and Research Corp. 


R. WEICK describes light-weight propeller 

blades constructed of wood and plastic by 
the Schwarz process, together with the materials 
and methods of construction. The blade, he ex- 
plains, consists of a main core of laminated light 
wood which merges into a root of impregnated and 
compressed hard wood which, in turn, is threaded 
and screwed into a steel sleeve. The steel sleeve, 
he notes, can be mounted in either an adjustable 
or a controllable-pitch hub. The rest of the blade 
is described as being entirely covered with a heavy 
coating of reinforced plastic sheet, and the leading 
edge as protected with a flush strip of metal. 


The author analyzes the problem of efficiency. 
particularly with regard to the effect of blade 
thickness and the drag of the root sections. He 
also deals with the matters of service record, flut- 
ter and vibration. ease of repair, and ice forma- 
tion. 


tively important problem because of the trend toward 

engines of greater and greater power output. The difh- 
culty, which is well understood and has been dealt with in 
several papers? * 3: 4, can be laid to the basic relation that, as 
engines of greater power are used, the propeller weight in- 
creases more rapidly than the engine power. This relation 
assumes that the propellers are geometrically similar and of 
the same material. 

One way of endeavoring to obtain light-weight propellers 
is obviously to design for the use of light materials. The 
lightest materials suitable for aircraft structural purposes are 
light woods, such as spruce. One development of the past 


"Titi weight of aircraft propellers has become a rela- 





(This paper was presented at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 10, 1939.] 

1See the Journal of the Aeronautical Sciences, Vol. 5, No. 2, December, 
1937, .pp. 37-52: “Propellers for Aircraft Engines of High Power Output,” 
by Frank W. Caldwell. 

* See SAE Transactions, Vol. 33, July, 1938, pp. 293-300: “Aerodynamic 
Considerations Affecting Propellers for Large Aircraft Engines,” by 
George W. Brady. 

%See SAE Transactions, Vol. 33, July, 1938, pp. 289-292: “Propeller 
Factors Tending To Limit Aircraft-Engine Powers,” by G. T. Lampton. 

* See SAE Transactions, Vol. 33, July, .938, pp. 285-288, 300: “Propeller 
— Imposed by Substratosphere Flight Requirements,’”’ by Carl F. 

aker. 

5 See “Wood in Aircraft Construction,” by George W. Trayer, published 
in - by the National Lumber Manufacturer’s Association, Washington; 
a Ge 


several years has resulted in a propeller blade constructed of 
laminated spruce or similar light wood protected by a tough 
weatherproof plastic covering and terminating at the root in 
a cylindrical steel sleeve or ferrule which, if desired, can be 
mounted in bearings in a controllable hub. The original 
development was made by the Schwarz Co, in Germany, and 
the blades are being manufactured in large quantities both in 
Germany and by Airscrews, Ltd., in England. The Engineer- 
ing and Research Corp. of Washington, D. C., has the license 
to manufacture these blades in this Country and has been 
carrying on experimental work for nearly two years, aided by 
orders from the Army and Navy Air services. 

Although the greatest advantage of these composite wood 
and plastic blades is probably their light weight, solid duralu- 
min blades ordinarily being about 50% heavier, they have 
other attractive features also, such as their tendency to damp 
out vibrations, their freedom from fatigue difficulties, and 
the ease and low cost with which new or experimental de- 
signs can be constructed for special purposes. This ease of 
construction of experimental models becomes of increasing 
interest as the propeller size increases. 


Materials and Construction 


The Schwarz type of blade consists essentially of a main 
core of laminated spruce or other light wood, which merges 
into a root of impregnated and compressed hard wood (that 
we have called compreg). The compreg root is threaded and 
screwed into a steel ferrule which supports the blade in the 
hub. The remainder of the blade is covered completely with 
a heavy coating of reinforced cellulose-acetate sheet, the lead 
ing edge also being armored with a flush strip of metal. Thus 
the wood core is well protected against climatic conditions 
and warping, as well as against injury due to contact with 
pebbles, cinders, sand, rain, hail, sea water, and so on. 

Spruce — The spruce must be selected carefully and dried to 
a suitable moisture content. It is then desirable that the 
atmosphere in the plant in which the blades are made, be 
maintained at constant temperature and humidity of such 
values as to retain the desired moisture content in the wood’. 

If left in the open atmosphere, the moisture content will 
attain a value averaging about 12% in this Country although, 
of course, the variation from the average is considerable in 
various parts of the Country and during especially dry or wet 
seasons. A moisture content of 12% is quite satisfactory from 
the standpoint of strength, and has been selected as the value 
desired for the spruce in the blade at the time it is covered 
and sealed from the atmosphere. 

The “moisture tendency” of 12% can be obtained with the 
air at any workable temperature if the humidity and the 
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temperature have the proper relation. If the temperature is 
7o F, for example, the relative humidity should be 55% 
order that the wood tend to assume a moisture content of 
12%. If the temperature is higher, a greater humidity is 
necessary, and vice versa. 

A recent dev clopment that greatly aids the measurement of 
moisture content in wood is an electrical instrument that 
gives a direct instantaneous reading without ruining the 
wood. In the past the moisture content has been measured 
by baking the moisture out of a small sample of the wood 
and measuring the loss in weight, a process requiring at least 
two days and spoiling the material tested. The new instru- 
ments, which can now be purchased on the open market, 
actually measure not the moisture content directly but merely 
the electrical resistance of the wood, a definite relation having 
been found between the resistance and the moisture content. 
With this instrument the moisture content is checked easily 
and quickly during the various stages of manufacture. 

snpee ~ The compreg is made in slabs from laminated 
layers of 4%-in. thick hardwood veneer. Various hard woods 
including beech, birch, and maple have been used satisfac- 
torily. In this Country our rather limited experience to date 
indicates that sugar maple (acer saccharum) obtained from 
certain selected areas gives the most uniformly strong product. 
Sheets of the 4%-in. veneer are impregnated with a phenol- 
formaldehyde resin by a special process. Then a stack of 
impregnated sheets is put into a heated press and, by an 
enormous force, it is squeezed down to half the original 
thickness. After a suitable time under the proper pressure 
and temperature, the resin reacts chemically and the product 
becomes a compressed wood with the wood fibers impreg- 
nated and maintained in position by bakelite. 

The unit weight of the compreg is about double that of the 
original hard wood, its specific gravity being approximately 
1.3. Being essentially a wood material, the strength varies 
conside rably. One of the most important properties, the ten 
sile strength, is extremely difficult if not impossible to measure 
accurately, and we have found it expedient to adopt the gen 
eral practice observed in connection with wood in aircraft 
structures, which is to use the bending strength rather than 
the tensile strength. The values of the modulus of rupture in 
bending, obtain with specimens 4% x ¥Y4 in 


Y, 4 in. in section and 
7 in. between supports, 


range from 35,000 lb per sq in. to 





®See NACA Technical Note No. 628, 1937: 
by GC. M. 


“Plastics as Structural 


Materials for Aircraft,” Kline. 











LAMINATION 
































BLADE BLOCK 


Fig. |-—The lamination (above) shows how the laminated 

compreg is spliced and glued to the spruce boards. The 

blade block (below) is composed of a suitable number of 
laminations glued together as shown 
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60,000 lb per sq in. for the specimens of compreg tested by 
us to date. The highest value, it is interesting to note, is about 
the same as that for duralumin. 

The longitudinal shearing strength is another characteristic 
of importance for, by means of threads, it supports the blade 
against the pull due to centrifugal force. Until recently the 
forms of compreg material used had longitudinal shearing 
strengths of about 4000 lb per sq in. A continual experi 
mental development of the material has been maintained, 
however, and the latest forms can be relied on to give values 
substantially higher. In certain cases longitudinal shearing 
strengths as high as 11,000 lb per sq in. have been tested. 

The modulus of elasticity of compreg has been found to 
range from 3,000,000 to 4,000,000 Ib per sq in. 

It is interesting to note that the strength and the stiffness 
are both greater than those of bakelite plastic materials rein 


Fig. 2-The blade 

is shown just after 

it has been cut to 

form at the left, 

and as finished at 
the right 





forced by fabric’, which fact makes one wonder why wood- 
reinforced plastics have not received more attention than they 
have in the literature on the subject. 

Assembly — The slabs of laminated compreg are cut to the 
required size and spliced and glued to spruce boards as shown 
in the upper view in Fig. 1. A long scarf joint is used with 
a slope which develops nearly three times the strength of the 
spruce itself against an outward pull. The reliability of these 
scarf joints is evidenced by the fact that there is no record of 
any having failed in the thousands of blades in service. 

A suitable number of the composite laminations are glued 
together forming a block as shown in the lower view of 
Fig. 1. The block is composed of laminated spruce over the 
greater part of its length, laminated compreg at one end, and 
the scarfed portion within which the spruce gradually merges 
into the compreg. 

The compreg end is machined to a circular section and 
threaded, and a steel ferrule is screwed on tightly. It is then 
cemented on with a special process in which a self-hardening 
and non-shrinking composition is injected under high pres- 
sure into clearances between the threads of the steel ferrule 
and the compreg root. 

Next the blade is cut to form, after which it appears as 
shown in the left-hand view in Fig. 2. The blade on the 
right hand is finished. The cut-away view in Fig. 3 shows the 
manner in which the spruce, the compreg, and the steel sleeve 
fit together. 
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Fig. 3-This cut-away view of the propeller blade shows how 
the spruce, the compreg, and the steel sleeve fit together 


Plastic Covering - The blade outside of the steel ferrule at 
the root is protected by a coat of cellulose-acetate plastic 
reinforced by linen fabric embedded within it, the whole 
being approximately 0.040 in. thick. The covering is applied 
in a soft state and is maintained under pressure for a con- 
siderable time so that it is forced into the outer pores of the 
wood. After curing, the surface is smoothed down and coated 
with a synthetic enamel. 

Leading-Edge Protection- A narrow strip of metal is 
tormed to the leading edge and attached in such a manner 
as to eliminate the difficulties formerly associated with the 
conventional metal tipping on wooden propellers. The old 
tipping was relatively thin and wide, and it was fastened on 
by means of closely spaced screws and rivets. Under these 
conditions it cracked due to the flexing of the blades in oper- 
ation, and provisions usually were made to have the cracks 
occur in definite places by scalloping the edges, or by delib- 
erately cutting slits in the tipping ahead of time. The 
Schwarz type of leading-edge protecting strip is relatively 
thick and narrow so that it can flex without buckling or 
cracking. It is attached by soldering it to a wider piece of 
wire mesh, and the mesh is tacked to the blade and later 
embedded in the cellulose-acetate covering. The mesh used is 
very flexible and durable, each strand being a cable composed 
of fine bronze wires twisted around a string core. 

The cellulose acetate runs entirely under the metal strip to 
complete the seal of the spruce, and the outer surface of the 
metal strip is flush with the outer surface of the covering to 
the rear of it so that a perfectly fair airfoil can be obtained. 
A section out of a blade showing the covering and leading- 
edge protecting strip is sketched in Fig. 4. 

Thin Tip Sections for High Tip Speeds — For propellers 
operating at high tip speeds, thin-tip airfoil sections are desir- 
able in order to hold the compressibility effect to as small a 
value as possible. Tip sections having thickness-chord ratios of 
8 or 9% instead of the usual 12% can be used satisfactorily 
if their rigidity is increased by replacing the linen fabric 
reinforcing in the plastic covering by a fine woven-steel wire- 
cloth reinforcing. This replacement is done at least over the 
outer portion of the blade, and sometimes over the entire light 
wood portion. The wire reinforcement increases the strength 
of the tip, and it is put on at an angle of approximately 45 
deg so that it contributes greatly to the torsional rigidity. A 
cut-away view in Fig. 5 illustrates the construction. 


Efficiency at High Speed and Cruising 
Of the many factors that influence the propeller efficiency 
in high-speed and cruising flight, probably the most impor- 
tant in considering wood and plastic blades are the blade 
thickness and the aerodynamic form of the root section. One 
additional point that probably should be mentioned, however, 
™See “Aircraft Propeller Design,” by Fred E. Weick, McGraw-Hill 
Book Co., 1930. 
8 See NACA Technical Report No. 610, 1937: “‘Tests of Related Forward- 
N 


Camber Airfoils in the Variable-Density Wind Tunnel.”’ by E. 
Tacobs, R. M. Pinkerton, and H. Greenberg. 


is that, because the blades are constructed without expensive 
dies or forms, an individual design can be made to fit the 
special operating conditions for the particular airplane on 
which it is to be used, taking into account such refinements as 
the optimum aerodynamic load distribution along the blade as 
determined by Goldstein. 

Effect of Airfoil Section Thickness - The first thin alumi- 
num-alloy propellers gave substantially higher efficiencies than 
the wood propellers in use in this country at that time, and 
this condition has left the general impression that wood pro- 
pellers are definitely inferior to metal propellers in the matter 
of efficiency. It is, of course, generally true that thin airfoils 
have less drag than thick ones but, with the improved modern 
airfoil sections, the difference is only a small part of what it 
was with the RAF-6 type propeller sections then in use. 

Computations have been made determining the influence of 
airfoil section thickness on efficiency using the NACA 23000 
series of airfoils as tested in the variable-density wind tunnel. 
The results are given in Table 1 opposite. The latest airfoil 
section coefficients with corrections for tip effect and support 
interference are used, corrected to a Reynolds Number value 
of 1,500,000. No compressibility effect has been considered in 
these computations and they, therefore, apply only to tip 
speeds sufficiently low that no compressibility loss is en 
countered, 

For simplicity the efficiency of only one element of a pro- 
peller blade is computed, as given by the relation 


tan @ 
- tan (do + Yo) 
where ¢ is the angle of advance of the blade element with 
respect to still air, 
W is the angle of advance with respect to the air flow 
ing through the propeller disc, and 


yo = are tan ¢a /C) 


This is the relation given by Glauert’s vortex theory, but the 
symbols and method analysis are those used in Reference 7. 

The computations have been made for the entire range of 
airfoil thicknesses tested by the NACA (6% to 21%*) and 
for three different propeller pitches: low, medium, and high. 

It will be noted from Table 1 that, under the conditions of 
these computations the influence of airfoil section thickness 
ratio on propeller efficiency is slight, the difference between 
the thinnest and thickest sections being only slightly more 
than 1% over the extreme range covered. At three-quarters 
of the tip radius, the section thickness ratio of most conven 
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Fig. 4-—This section of a propeller blade illustrates the ar- 
rangement of plastic covering and leading-edge protecting 
strip 
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Table 1—The Influence of Airfoil Thickness on Propeller 
Efficiency at Tip Speeds below Those Involving 
Compressibility Loss 


Cr = 05 S = 20 

\irfoil.... 23006 23009 23012 23015 23018 23021 
Ai. 0.0088 0.0090 0.0093 0.0099 0.0108 0.0115 
tan Yo..... 0.0176 0.0180 0.0186 0.0198 0.0216 0.0230 
ve Geg..... 10006 «(1108 )0«O 107 Cie CiakCU 


n,@ = 15deg 0.865 0.863 0.861 0.859 0.853 0.849 
», @ = 30deg 0.935 0.934 0.933 0.930 0.927 0.924 
1 ¢=45deg 0.949 0.948 0.947 0.945 0.941 0.938 


tional metal propellers is about 8 or 9%, whereas that of a 
typical wood blade with Schwarz plastic covering is 12%. 
The difference in efficiency caused by this difference in thick 
ness ratio is of the order of 0.10% in the medium and high 
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Fig. 5-—The construction of the thin-tip propeller blade 
shows how fine woven-steel wire-cloth reinforcing is employed 


pitch range. This almost negligible difference in efficiency 
occurs, of course, only with good airfoil sections and at tip 
speeds below that at which compressibility loss becomes 
important. 

One set of full-scale propeller tests has been made in the 
NACA propeller research tunnel that supports the indications 
of these computations over the range that it covered”. These 
propellers were tested having the old RAF-6 type sections and 
three were tested having the somewhat more modern Clark-Y 
type. In each case three different thickness ratios were tried, 
the outer portions of the blades having sections 6% thick in 
one propeller, 8% in the second, and 10% in the third. With 
the RAF-6 sections the efficiency was higher for the thinner 
propellers but, with the Clark-Y sections, the efficiency mea- 
sured for the thicker propellers was at least as high as that for 
the thinnest. 

The foregoing tests were made at ordinary tip speeds. In 
another report on tests of the same propellers at higher tip 
speeds’®, it is shown that, as the tip speed is increased, the 
eficiency of the thickest propeller started falling off at about 
970 fps, whereas that of the thinnest did not start dropping 
until a tip speed of 1050 fps was reached. 

There are many bits of airfoil and propeller test data avail- 
ible showing the compressibility effect that occurs at high tip 
speeds, and they all agree in showing that, in general, the 


'See NACA Technical Report No. 378, 1931: “Comparison of Full-Scale 
Propellers Having RAF-6 and Clark-Y Airfoil Sections,”’ by H. B. Freeman. 

10 See NACA Technical Report No. 375, 1931: “Full-Scale Tests of 
Metal Pronellers at High Tin Speeds,”’ by Donald H. Wood. 

11 See NACA Technical Report No. 492, 1934: “Tests of 16 Related 
Airfoils at High Speeds,” by John Stack and Albert E. von Doenhoff. 

12 See the Journal of the Aeronautical Sciences, Vol. 5, No. 9, July, 1938, 
“Simplified Propeller Calculations,” by Ivan H. Driggs. 
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Fig. 6—Propeller efficiencies of two wood and plastic and 
one aluminum-alloy propellers are compared for V/nd = |.4, 
computed from static whirl-test data 


compressibility loss is greater with thick sections than with 
thin ones. The compressibility loss is not associated with the 
thickness directly, however, but with the curvature of the 
path that the air must follow in passing over the airfoil. 
Greater curvature and higher induced local velocities natur 
ally are associated with thicker airfoils. It is noteworthy that, 
in a systematic series of tests of 9% thick airfoils, certain 
forms were found to be less susceptible to compressibility than 
the good conventionally used forms!', and it seems reasonable 
to expect that thicker airfoils could be improved similarly. No 
such data on the thicker airfoils are available, however. 

One basic method of avoiding or reducing efficiency loss 
due to high tip speed is to use a small-diameter propeller with 
extraordinarily great total blade width to absorb the power. 
This can be done with negligible induced efficiency loss if 
the propeller pitch is high, and the wood and plastic con- 
struction permits the use of very wide blades with a minimum 
of weight increase. 

Although no direct airfoil data showing the compressibility 
effect on thicker sections shaped for high-speed use are avail- 
able, some information can be obtained from the static thrust 
and torque measured in whirl tests at Wright Field. Two 
wood and plastic propellers have been whirled that were of 
identical form except for the outer one-fourth of the blade, 
which differed in thickness. One propeller had sections 12% 
thick throughout the entire outer quarter of the blades, 
whereas the blades of the other were tapered down to a thick- 
ness ratio of 9% at the tip section. Both propellers had airfoil 
sections selected with consideration of the effect of com 
pressibility. 

The test results, together with those for a thin aluminum 
alloy propeller of about the same size (Whirl Test No. 1369), 
were reduced to the form of airfoil polars for the sections at 
70% of the tip radius using the method of analysis given by 
Driggs'*. By the same method of analysis used in the reverse 
direction, the efficiencies were then computed for the three 
propellers all operating at approximately their maximum eff- 
ciencies at a value of V/nD of 1.4. This value is representative 
of the medium-pitch range in modern aircraft, the blade 
angles required at 0.75R being slightly over 30 deg. The 
efficiencies thus obtained are given in Fig. 6 for tip speeds 
ranging from 750 to 1000 fps. 

The efficiency of the wood and plastic propeller having 
12% thick tip sections is substantially lower than that having 
9% tip sections at the higher tip speeds and somewhat lower 
throughout the entire range. The aluminum-alloy propeller 
was exceptionally thin, having Clark-Y type sections 7% thick 
at 0.75R and 5.5% thick at the tip, but its efficiency is a shade 
less than that of the 9% tip wood and plastic propeller at a 
tip speed of 1000 fps. At lower tip speeds corresponding to 
cruising flight, the efficiency found for the 9% tip wood and 
plastic propeller is definitely higher than that of the thinner 
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Fig. 7—These blade-form and modified-root-portion curves 
were plotted for Propeller C, NACA Technical Report 
No. 594" 


metal propeller, the variation of efficiency with tip speed being 
somewhat less for the latter. 

The efficiencies for high speed and cruising conditions, as 
obtained from static whirl-test data in this manner may be 
questioned as involving several sources of error, such as incor- 
rect distribution of loading along the blade, incorrect body 
interference conditions, and neglect of the effect of the for- 
ward velocity on the drag of the root sections, which latter is 
dealt with in the next section of this paper. The method is 
considered reasonably satisfactory, however, for showing the 
influence of tip speed and airfoil section on the relative efh- 
ciencies of the three propellers. 

Effect of Root Portion of Blade— The drag (or negative 
thrust) of the root portion of the blade, which is often of poor 
aerodynamic form because of structural considerations, be- 
comes of extreme importance on propellers for clean high 
speed airplanes, particularly if the body has a finely pointed 
nose. The propeller characteristics computed from the thrust 
and torque of static-whirl tests miss this feature entirely, for 
it is directly dependent on the forward velocity with respect 
to the air. 


In order to obtain an approximate idea of the magnitude of 





1%3See NACA Technical Report No. 594, 1937: “Characteristics of Si 
Propellers Including the High-Speed Range,” by T. Theodorsen, G. W 
Stickle and M. J. Brevoort. 

44 See NACA Technical Report No. 619, 1938: “Drag. of Cylinders of 
Simple Shape,” by W. F. Lindsey. 
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Fig. 8—Thrust and torque distribution are illustrated with 
both original and modified root sections 
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this root drag effect on a clean high-speed airplane with no 
favorable propeller-body interference, a blade-element analysis 
has been made for a 400 mph airplane fitted with a 3-bladed 
r2-ft diameter propeller turning at 1300 rpm. A sharp-nosed 
body has been assumed, with a spinner covering the hub and 
intersecting the centerline of the blades at 15% of the tip 
radius. Beyond this assumption, body interference was neg 
lected. The sections and plan form of Propeller C'* were 
used as typical of present metal blade root forms (see Fig. 7). 

The blade-element analysis was made using Glauert’s vortex 
theory’. The airfoil characteristics for the working portion of 
the blade were obtained from propeller test data by the 
method used by Driggs!*. The aerodynamic data for the 
sections at 0.15R, which is circular, and 0.30R, which is 
approximately elliptical, were estimated from data presented 
by Lindsey*, the values of Reynolds Number and the velocity 
with respect to sound being taken into consideration. 

Solely as a matter of academic interest, the computations 
were then repeated assuming the same amount of material at 
each section but rearranged so as to give good airfoil shapes 
of reasonable fineness ratio throughout the entire blade (see 
Fig. 7). The general form would then somewhat resemble 
that of the first Reed twisted slab propellers except that the 
blade angle would increase all the way in to the spinner. 

The computations for both forms of propellers are given in 
Table 2, and the curves of thrust and torque distribution along 
the radius are shown in Fig. 8. The torque curves are practi 
cally the same for both forms, but the thrust curves show a 
great difference in negative thrust over the root portion. The 
integrated values are as follows: 


Original Form Improved Root 


Horsepower 1750 1750 
Thrust, |b 1070 1390 
dead 7 39 

Efhiciency, % 65.3 85. 


The large differences in thrust and efficiency serve to illus 
trate the great loss that the use of root sections of poor aero 
dynamic form may cause in high-speed airplanes. The exam 
ple is, of course, an extreme one, but an examination of the 
test data'* shows that, even with the very favorable inter 
ference occurring when the propeller is located immediately) 
ahead of a radial engine with NACA cowling, the matter of 
root form is important. Six propellers of different forms wer« 
tested and, in general, the relative efficiencies of all of them 
lie in the order of the fineness ratios of the root sections. A 
typical example may be obtained by comparing propeller ¢ 
(mentioned previously) and propeller B which is not greatly 
different over the outer portion of the blade but has wider 
and thinner sections at the root. The maximum efficiencies ot 
the two propellers, both 10 ft in diameter and tested with the 
same NACA cowled nacelle, are tabulated for low, medium. 
and high-pitch settings as follows: 


Propulsive Efficiencies 


Blade angle at 0.75R 15 deg 30 deg 45 deg 
Efficiency of Propeller C...... 0.81 0.85 0.83 
Efficiency of Propeller B (better 

root section) 0.81 0.89 0.88 


It is interesting to note that the efficiencies of the two pro 
pellers are the same at low pitch but substantially different at 
high pitch, the efficiency of the propeller having the lower 
drag root sections being 5 points higher even when operating 
within the very favorable interference or masking effect of the 
NACA cowling. 

The detachable wood and plastic blades naturally damp and 
absorb vibrations and are, therefore, practically free from the 
critical fatigue and stress concentration difficulties to which 
metals are subject. On this account and also because of the 
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Table 2-—Blade-Element Analysis Showing Effect of Root Sections 
D = 12 ft 3 Blades. MPH = 400 RPM = 1300 Sea level 
Sections and Planform of Propeller C™ Improved Root Sections 
r/R. 0.15 0.30 0.45 0.60 0.75 0.90 0.15 0.30 0.45 
p, ft. 0.90 1.80 2.70 3.60 4.50 5.40 0.90 1.80 2.70 
b, ft. 0.375 0.642 0.898 0.890 0.740 0.540 1.00 1.05 1.03 
B/O.s «0 1.0 0.47 0.140 0.100 0.090 0.082 0.15 0.13 0.11 
B, deg... 78.2 67.3 55.4 49.0 45 .0 37.5 78 .2 67 .3 55.4 
Qarn... 122.5 245 .0 367 .0 490.0 612.0 734.0 122.5 245 .0 367 .0 
tan ¢.. 4.80 2.395 1.599 1.198 0.960 0.800 4.80 2.395 1.599 
¢, deg.... 78 .2 67 .3 58 .0 50.1 43.8 38 .7 78 .2 67 .3 58 .0 
9 
i. = 5.0 5.9 6.3 8.5 12.7 20.9 2.1 3.6 5.5 
Bb 

ao +0 = B — ¢, deg.. 0 0 —2.55 —1.05 1.2 1.2 0 0 —2.5 
0, G0g@.... 0 0 0.75 0.75 0.75 0.37 0 0 0.75 
ao, deg. 0 0 —2.. «AS 05 1.6 0 0 3.3 
S/C.L. 23 .25 25 .25 27 .50 60.0 23.0 
aa 0.65 0.40 0.271 0.336 0.460 0.343 cq = 0.015 cag = 0.014 0.239 
Ol) ae 0.081 0.054 0.048 0.058 0.073 
vo, deg... 4.6 3.0 2.7 3.3 4.3 

(1 +a).... 1.008 1.010 1.012 1.01 1.008 
bo = 6 4-0, dex. 58.75 50.85 44.50 39.07 58 .75 
sin ¢o.. 0.8549 0.7755 0.7020 0.6302 sin ¢=0.9790 sin¢=0.9220 0.8549 

Varee 0.254 0.302 0.339 0.507 0.706 0.475 0.330 
bo + Yo, deg. . 63 .35 53.85 47 .2 42.3 63 .05 
cos (¢o + Yo) . 0.4485 0.5899 0.6794 0.7396 cos ¢=0.2045 cos ¢=0.3860 0.4527 
T. = K cos (do + Yo) —0.250 —2.78 0.152 0.299 0.480 0.353 —0.0150 —0.0160 0.150 
sin (@o + Yo)....-...- 0.8938 0.8075 0.7337 0.6730 0.8914 
Q, = Kr sin (0 + 7) 0.052 0.117 0.818. 1.470 2.33 1.726 0.0032 0.0067 0.796 

T. using Cz instead of Cz 
Cab 
ee 
sin ¢ 


Q. using C4 instead of Cy, 


Q. = 


Cab cos } 


sin? @ 





manner in which the loads are carried into the steel ferrule at 
the root by the central fingers of impregnated and compressed 
wood as indicated in the photograph of an uncovered blade in 
Fig. 


> 


2, a wide blade with reasonably good airfoil sections can 
be carried in very close to the root. The large losses incurred 
by the poor root sections of present conventional metal pro 
pellers can thus largely be avoided. 

Another advantage obtained with root portions of better 
airfoil section is that of improved engine cooling at low air- 
plane speeds and, with radial engines within NACA cowl- 
ings, this design can, in turn, improve the high-speed and 
cruising performance by permitting the use of a smaller front 
opening in the cowling. 


Take-Off Performance 

For good take-off efficiency with the high-pitch propellers 
used on modern high-performance airplanes, it is desirable 
that the propeller airfoil sections operate at high angles of 
attack with low drag. They should, therefore, operate at high 
angles of attack without stalling. The maximum unstalled 
angle of attack range is attained by airfoils 12 to 15% thick 
in the tip-speed range below that at which the compressibility 


burble occurs. The wood and plastic blades are usually within 


or slightly below this range of thicknesses throughout practi- 
cally the entire working portion of the blade, and they will 
give excellent take-off performance if the tip speeds are not 
excessive. 

Reliability and Strength 


Inasmuch as wood and plastic propellers are new to this 
Country, some idea of their service record in Europe may be 
of interest. 





15 See The Journal of the Royal Aeronautical Society, Vol. 40, July, 1936, 
pp. 483-522: “‘Airscrew Development,” by H. C. Watts. 


Record of service —- According to the Schwarz Co., it knows 
of no failures of either the one-piece or the detachable-blade 
Schwarz propellers in service operation, that is, no failures 
serious enough to cause a forced landing or to injure other 
parts of the airplane. This statement applies to many thou- 
sands of single-piece propellers, which type has been in service 
throughout the past 8 yr, and to several thousand detachable 
blades that have been manufactured during the past 3 or 4 yr. 

When asked what the usual or expected length of service 
of Schwarz propellers was, an official of the company stated 
that there had not yet been time to find out, for the propellers 
are still almost all in operation. It is necessary, however, that 
the finish be retouched when worn. The Schwarz Co. guar 
antees its propellers for 1000 hr of service within 2 years, 
stipulating that the coating must be repaired at once if worn 
through. 

The been used satisfactorily 
throughout the various climatic conditions in Europe and 
on the transatlantic service between Africa and South Amer- 
ica. Those manufactured by Airscrews, Ltd., have been used 
extensively both in the damp climate of England and in 
tropical desert climates. and the Schwarz-type covering is 
specified as the standard finish for all wooden propellers used 
by England’s Royal Air Force?®. 


German have 


propellers 


Flutter and Vibration- There have been some cases of 
flutter or of resonant vibration, but the covering always has 
announced the danger well ahead of time. One very fortunate 
characteristic of the plastic covering is that it cracks in a 
definite and easily detectable manner if a blade flutters or 
vibrates badly. The cracks always run across the blade and 
usually occur in a group. The plastic covering is less resistant 
to the effect of vibration than the wood, and the cracks occur 
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in the covering first, thus providing an excellent warning that 
difficulty is to be expected in the wood core. New designs are 
watched for signs of these lateral cracks in the outer portions 
of the blades and, in the occasional cases in which they occur, 
the matter ordinarily is remedied by changing somewhat the 
rigidity of the blade. 

Ease of Repair-— Very little repairing of wood propellers 
has been carried on in this Country, those damaged by run 
ning into obstacles, nosing over, and so on, ordinarily having 
been replaced. In Germany, however, the practice is to repair 
Schwarz propellers that have been damaged by such accidents. 
In fact, even if a detachable blade has the outer half broken 
away, a new end may be spliced on if the inner half of the 
blade is sound. Inasmuch as a good spliced joint is stronger 
than the original wood, the rebuilt propellers are used without 
difficulty. The plastic covering also can be repaired easily, 
and the metal leading-edge strip can be replaced. 

Ice Formation-One interesting point regarding these 
plastic-covered wood blades is that there seems to be no case 
on record of ice forming on them. There are many cases in 
which ice has formed on other parts of the airplane including 
the propeller hub and the steel ferrules at the roots of the 
blades, but none on the blades beyond the steel ferrule. No 
definite claim that ice will not form on these blades has been 
made as yet—in fact, if one has seen how difficult it some. 
times is to prevent ice formation, it seems too much to expect 


— but we are, of course, hoping that the record to date will 
continue. 


Present Status in This Country 

In something less than 2 yr of activity in this field, starting 
in a very modest way, about 40 experimental wood and plastic 
propeller blades have been made by the Engineering and 
Research Corp. These blades are for propellers ranging in 
size from 6 ft to 16 ft. 

An Approved-Type Certificate based on a 50-hr full-throttk 
engine test has been obtained for an 8-ft diameter adjustable 
pitch propeller rated at 300 hp and weighing 41.5 lb complete 

Several sizes have been tested on the electric whirl rig at 
Wright Field. One was whirled to destruction in an over 
speed test, giving computed stress values for failure that agree 
very well with the values obtained from laboratory tests on 
the materials. In several propellers, the wood and _ plastic 
blades were mounted in Curtiss electric controllable hubs, and 
one of these propellers having a diameter of 14 ft also has 
completed its engine test consisting of 100 hr at full rated 
power and speed. Engine tests on the others are to be made 
as soon as engines are available. 

The construction of these blades, up to now, has been ca: 
ried on in very cramped quarters with limited facilities that 
the work has outgrown, and a new plant especially con 
ditioned and equipped for the purpose has just been con 
structed in Riverdale, Md., a suburb of Washington, D. C. 

The experimental developments in materials, methods oi} 
construction, and aerodynamic performance are being con 
tinued indefinitely, for it is thought that there is considerabk 
possibility for improvement, particularly in further weight 
reduction. 


Airplane Drag Caused by Rivet Heads 


Re penmiegu the past eight or ten years, the speeds of most 
types of airplanes have been practically doubled. Part ot 
this impressive advance has resulted trom the use of increased 
power, but most of it has come from the reduction of aero- 
dynamic drag. The largest and most obvious “built-in head- 
winds,” such as exposed engine cylinders, landing gears, struts, 


‘and wires, were eliminated first, and attention was then 


directed to successively smaller factors. The stage has now 
been reached where it is necessary to consider the effects on 
drag of such items as rivets, sheet-metal joints, and other 
irregularities on the surfaces exposed to air flow. 

It is obvious that protruding rivet heads, for example, will 
make the drag larger than it would be if the surfaces were 
perfectly smooth. To recognize this fact, however, is not 
enough; the airplane designer must know Aow much the rivet 
heads increase the drag so that he can determine whether or 
not the expense of eliminating them is justified economically. 
The NACA has conducted experiments to provide the neces- 
sary quantitative data concerning the effects of some common 
surface irregularities on wind drag. Some of the results, those 


‘showing the effects of brazier-head and countersunk rivets, 


lapped sheet-metal joints, manufacturing irregularities, and 
surface roughness, are presented herein. A more complete 
presentation is given in a technical note about to be released. 

The experiments were conducted in the NACA 8-ft high- 
speed wind tunnel because of its relatively small air-stream 
turbulence and the relatively large Reynolds Numbers attain- 
able in that tunnel. Airfoils of 5-ft chord were used, and the 
air speed was varied from 80 to 500 mph. The Reynolds 
Number corresponding to the high speed is 18,000,000. 

The drag increases are of considerable importance. The 
3 /32-in. brazier-head rivets increased the drag by as much as 


27% otf the smooth-wing drag, and the smaller protruding 
rivet heads caused proportionately smaller increases. It 1s 
evidently desirable to use rivets having the smallest practicable 
heads. The countersunk rivets increased the drag as much as 
7% even though the rivets were perfectly flush, and the only 
surface irregularities were annular depressions about 0.007 in. 
deep around the rivet heads. Countersunk riveting must be 
very well done or the resultant irregularities will increase the 
drag enough to have important effects on high-speed perfor 
mance and economy. 

The most effective way to reduce rivet drag is to eliminat 
the rivets from the forward part of the wing. 

The magnitude of the effect of rivets and lapped joints on 
the wing of a large airplane is estimated as follows: 

The excess power required just to overcome the drag due t 
the rivets and lapped joints is over 500 hp. If, as is generally 
attempted at present, the irregularities are eliminated from th« 
forward 25% of the wing, 180 hp is still required merely to 
pull the remaining rivet heads and lapped joints through 
the air. 

The use of 180 extra hp means about 270 |b of extra engine 
and propeller weight. On a 1o-hr flight, it also means about 
860 extra lb of fuel and tankage. The total excess of 1130 Ib 
can be translated into additional payload by eliminating the 
rest of the rivets and lapped joints and making the entire wing 
smooth and true. Efforts to make all surfaces exposed to ait 
flow smooth will pay good dividends. 

Excerpts from the paper: “The Effects of Rivets and Surfac« 
Roughness on Wing Drag,” by Manley ]. Hood, National 
Advisory Committee for Aeronautics, presented at the Na 
tional Aeronautic Meeting of the Society, Washington, D. C. 
March 16, 1939. 
































Filtering 


Fallacies 


By Austin M. Wolf 


Consulting Engineer 


HE introduction of the oil filter into the lubri- 

cating system of internal-combustion engines 
marked a distinct advancement, Mr. Wolf states. 
However, he adds, due to the varying combination 
of working conditions, the operator who dreams 
that all lubrication problems are eliminated by the 
use of oil filters is due for a rude awakening. He 
continues to remark that any valuable tool can be 
abused if full cognizance is not taken of its possi- 
ble shortcomings, and he enumerates those of the 
filter to form a basis of a true appraisal of its in- 
trinsic worth. 


Mr. Wolf notes that conflicting opinions are 
heard regarding filters due to the widely different 
circumstances under which identical equipment is 


HE commercial introduction of the oil filter in the auto- 

motive field was in 1924 when Chrysler adopted the 

cartridge type in which the bypassed oil traveled in 
wardly through a cloth bag having a napped filtering surface. 
Since the air filter was not yet in use, the oil filter was per 
forming a super-duty. There is still a considerable overlapping 
relationship between these two units. 

Screens had been used previously around the oil pump or 
its inlet and, in some instances, a horizontal screen of practi- 
cally the full sump area was used. Directional flow of the oil 
over extensive sediment pockets helped to some extent. The 
advent of the oil filter marked a distinct advancement over all 
previous practice, and its use today is generally conceded to 
be of real importance. This paper does not aim to detract or 
belittle its role or to discourage its use. We know that a good 
filter properly maintained will keep the crankcase oil at least 
mechanically clean, and we know that clean oil is one impor 
tant factor to increase engine life. The filter has its proper 
niche but, as in the case of many worthwhile improvements, 
the betterment derived instils undue and unwarranted con 
fidence by those who may not have given the subject the full 
consideration that it deserves. Due to the widely varying 
combination of working conditions, the operator who dreams 
that all lubrication troubles are eliminated by the use of oil 
filters or that protection is provided against any and all con 
taminants which may be formed or introduced into lubricating 
oils, is due for a rude awakening. Any valuable tool of man- 
kind can be abused if full cognizance is not taken of its 


{This paper was presented at the Annual! Meeting of the Society, Detroit, 
Mich.. Jan. 10. 1939.] 
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operated. In stop-and-start operations, light deliv- 
ery trucks and some passenger cars never have the 
engine warm enough in extremely cold weather 
to permit functioning of the filter. he points out. 
He also states that, at the other extreme, oil oxida- 
tion through high engine temperatures can pro- 
duce materials that will clog it. Improper instal- 
lations, type of filtering media, filter capacities. 
frequency of cleaning or replacing elements, neg- 
lect of servicing, moisture accumulation, oil acid- 
ity determinations, miscibility of undesirables in 
the lubricating oil, mechanical versus chemical 
filters, and the removal of additives, are some of 
the topics discussed by the author, with conclu- 
sions based upon field and laboratory studies. 


possible shortcomings, and this paper attempts to enumerat« 
the limitations of the filter in view of general opinions and 
without which a true appraisal could not be made of the 
filter’s intrinsic worth. Conflicting opinions are heard due to 
widely different circumstances with identical vehicle equip 
ment. The same model of car, truck, or bus will have a 
different service history depending on how, when, and where 
it is used. The internal-combustion engine is a heat engine, 
and a history of our woes indicates that the way that wide 
atmospheric temperature changes or extremes, and often de 
sign, affect engine, under-hood, and sump temperatures, comes 
from the seeming helplessness ia stabilizing and maintaining 
these latter temperatures within the desirable operating range. 
Stop-and-start operations on light delivery trucks and some 
passenger cars never have the engine warm enough in ex 
tremely cold weather to permit the filter to function. High 
engine temperatures, in some cases, due to continuous full-load 
operation, represent the other temperature extreme, particu 
larly in warm weather and, should oil oxidation occur, mate 
rials can be produced that will clog the filter and prevent its 
normal operation. Thus, under the two extremes of temper 
ature, it is possible to have no functioning of the filter. 

It will be conceded that no kind of lubricant nor any type 
of filter can overcome such lubrication difficulties as insufh 
cient projected bearing area, insufficient counterbalancing ot 
the crankshaft, poor balancing and/or excessive weight of 
reciprocating parts, poor ignition, bad mixture distribution, or 
incorrect proportioning of the air-fuel ratio. It is well t 
mention these points as there are more “cats” in this bag than 
possibly can be pulled out at one time. For a real discussion 
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ot the problem, general lubrication must be considered apart 
from the filter phase in itself. 

There can be no denial of the desirability of removing 
trom the oil stream big pieces of foreign matter such as metal 
filings, particles of carbon, core sand, and so on, that inad- 
vertently are present, particularly in new engines. Some have 
claimed that particles that are hard enough to damage bear- 
ings are also heavy enough to remain in the oil pan without 
being drawn through the lubricating system but, in spite of 
any controversy on this point, actual experience has shown 
that many hard particles flow through the passages in the 
absence of a filter. Filtration is unquestionably desirable. 


Installation 


In many instances the filter is merely “tacked” to the side 
of the engine or to the dash and connected up with, in some 
cases, rigid tubing. Inadequate brackets and/or tubing will 
fracture. Poor mounting and plumbing to the filter, faults in 
the filter “can,” and lack of flexible tubing are too apparent to 
warrant discussion. A high mounting is desirable to insure 
draining of the return line after the engine has stopped and to 
minimize the amount of chilled oil left in the filter. 

The filter began as, and is still in many cases, an engine 
attachment, and it is impossible for the filter manufacturer to 
cope with conditions entirely beyond his domain. There is no 
question about the need of the engine designer to build-in the 
filter and not just “stick it on.” This provision should go far 
beyond a mere pad mounting because the filter should become 
an integral part of the engine. Temperature control of a 
small body of oil, as sometimes practiced today, is not sufficient 
when the filter is “left out in the cold.” There still remains 
much to be done in the direction of quickened, effective tem- 
perature control. 

Installations in which the filter is fed from the main oil dis- 
tributing channel are sometimes dangerous due to the reduction 
in oil pressure because they do not offer sufficient resistance 
to flow. This condition is true of engines having inadequate 
oil pumps. The oil filter is sometimes fed by overflow from 
the pressure relief valve. As the bearings wear and the pres- 
sure drops, an insufficient percentage of oil passes through the 
filter. The main distribution channel should be provided with 
a restriction so that the oil pressure will not be seriously 
affected. The filtered oil returning to the crankcase should 
not be permitted to fall upon rapidly moving parts or issue in 
the form of a stream, but should be led to a point below the 
oil level of the crankcase to prevent increase in the amount of 
oil mist and aggravate the loss of oil through the breather. 


Filter Instructions 


One of the criticisms of the filter manufacturer is that he 
does not print adequate instructions in large enough type on 
the filter so that the owner and service man can change the 
element frequently enough. One large manufacturer recently 
put out a new type with absolutely no instructions on the 
filters as to the time and method of servicing. 


Filtering Media 


In view of the many papers that have been written on the 
subject of filters, the different types of individual construction 
will not be discussed herein. The adsorbent type using 
Fuller’s earth, charcoal, or other adsorbent materials which 
are used in the refining of oil, aim to reduce the acidity, which 
they no doubt do, depending upon the degree of activity and 
the life of the adsorbent material. 

1See “History of Oil Filtration,”” by W. R. Graham, presented at the 


Metropolitan Section Meeting of the Society, New York, N. Y., Jan. 24, 
1938, 
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The absorbent types used in bypass filters make use of 
cotton fiber, yarn, waste, or similar materials. It is conceded 
that they will remove certain acids, such as hydrochloric and 
hydrobromic, but some are susceptible to sulphuric and sul- 
phurous acids. A certain amount of water also will be ab- 
sorbed. Although colloidal carbons cannot be strained out, it 
is claimed by some that they can be absorbed out by their 
particular media, but this is yet a controversial point. Col- 
loidal carbon in reasonable amounts does no harm of itself 
but, in winter service, it acts as an emulsifying agent binding 
the moisture condensation to the oil, forming winter sludge. 
Most filters, at least, do not remove it. Fortunately soot, also 
a winter sludge provoker, is removed. Mineral wools and 
similar synthetic fibrous materials have a slight alkaline reac- 
tion and will tend partly to remove acid from the oil. Water 
solubility of mineral wool will free the alkali and metallic 
soaps that might be formed with certain bearing metals. 

The purely mechanical type of filter, consisting of the wire 
mesh or plate type with or without a cleaning knife, lends 
itself ideally to full-flow operation. There are combinations of 
the various types such as the full-flow metal-screen element in 
combination with a cotton waste unit, also Fuller’s earth in 
combination with a metal screen and/or cotton fiber. Unless 
the filter is to be considered solely as a mechanical separator, 
there is no question about the necessity of coping with the 
chemical phase as well, even to a greater extent than is within 
the possibilities of some of the present devices. It does not 
seem desirable to have separate mechanical and chemical 
“departments” in the engine, and future development will 
combine the two into one unit. 

Dope and medicine supplied in the cartridge are considered 
by some to be desirable in order to provide a solvent action to 
keep the rings and valve stems free or to keep down the 
acidity of the oil. To make a single prescription to fit all oils 
and cases seems to be a very difficult task. Apart from the 
inability to maintain a thoroughly constant process during the 
cartridge’s useful life, whether through an added dope or its 
inherent alkaline reaction, the chemical reaction with some 
oils already containing their own additives may be disastrous. 

Some operators question the desirability of using filters in 
which the cartridge contains materials that would have an 
abrasive action if released into the oil stream. Regardless of 
precautions which may be taken to prevent it, they feel that 
there is always a possibility of a defective cartridge ruining 
the engine. 

Apart from the standardization of filter pads and their 
mounting, it has been proposed that here is a fertile field for 
standardization at least up to the point where cartridges are 
interchangeably replaceable. This standardization undoubt 
edly would raise a furore among the filter manufacturers, 
although there are some points in its favor, especially if the 
filter develops into an integral part of the engine. 

The rapid circulation through full-flow filters does not pro 
vide sufficient time for adequate fine filtering and still avoid- 
ing undue pressure drop. It does become a bypass unit if the 
pressure relief valve opens. The bypass method, which is most 
popular, is always open to the question as to whether ail of 
the oil is being filtered since the amount bypassed is 1 part to 
approximately from 10 to 32. The relief valve in either type 
recognizes the possibility that the unit may not function. As 
many do not really know when this event happens, some sort 
of simple indicator would not be amiss. It will be recalled 
that the original filter did have a sight feed. 

The bench testing of filter equipment’ on a purely dirt- 
elimination basis and without a sufficiently high test tempera- 
ture does not give adequate data in view of today’s problem. 
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It suffices only as a relative indication of mechanical separation 
and does not embrace what is going on within an engine. 


Filter Capacity 

Great concern is exercised by many over the ability to pro 
vide a filter large enough to be effective and convenient, yet 
cheap enough to make it practical for the operator to keep the 
filter in first-class condition. This is no doubt an ideal to aim 
at and, in the interim, we must be satisfied with periodic 
changes of the filter element, with a true appreciation of the 
proper ming of such changes and servicing. 

The rapidity with which sludge forms, together with lac 
quering and change of acidity of the oil, all unquestionably 
tax the filter of practical size when conditions are at their 
very worst. Additives that tend to keep sludge in suspension 
may be of some help to the filter, but this field is still too 
young to weigh the filter and engine phases separately or 
collectively. 

One piston-ring manufacturer makes the excellent recom 
mendation that, in addition to changing the filter element and 
draining regularly, every so often the oil pan should be 
dropped and the engine thoroughly washed out with a spray 
and suitable solvent. Although conceded to be too much ever 
to expect, the efficiency of oil control by piston rings, on the 
other hand, depends on keeping the drainage of the oil ring 
open and, with the relatively small area in the ring as com 
pared to the amount of foreign material that could be present, 
it is easy to appreciate that the filter is a percentage aid only 
and not a complete solution to the ring problem. In dust 
areas, the oil pan must be dropped and cleaned frequently. 

Moderate or even small amounts of resinous or asphaltic 
deposits can be filtered out of circulation before the filter has 
accumulated an appreciable amount of dirt. Conversely, many 
filters that contain large deposits and seem to be clogged 
actually are still operating satisfactorily. Their actual effective 
ness often is impaired by misunderstandings on the part of 
the operator as, in many instances, he believes that a filter is 
operating satisfactorily when actually it is sealed by a small 
amount of resinous material whereas, in other cases, he com 
plains bitterly if it contains large quantities of deposit. Lead 
salts are removed ordinarily by the filter, but some lead com 
pounds are so finely divided that eyen laboratory equipment 
will not remove them. There is no indication that they do 
any harm, other than to discolor the oil. 

The sediment space in most filters is of limited volume. 
One test showed a water condensation caught in a trap at 
tached to the crankcase ventilating system of approximately 
Y4 pt in 150 miles of cold-weather operation?. Thanks to the 
ventilating system, most steam is dispensed with immediately, 
but sufficient capacity for what condensate will reach the filter 
should be based on the severest winter condition. Sump 
design and the pump inlet location are also important factors 


Filter Cleanliness 

The cleaning of non-metallic filter elements does not seem 
to be a wise nor an economical procedure. Upon the intro 
duction of the felt-washer type, some operators endeavored to 
salvage the washers by the washing and drying process but 
were only successful in removing the surface accumulation, 
leaving the interior heavily loaded, with the result that sub 
sequent filtration was limited to very low mileages before the 
filters became ineffective. Any such attempted salvaging pro 
cedure is to be discouraged, and the failure of many operators 
to renew the filtering element with sufficient frequency and 
regularity is false economy in view of the gain in oil mileage 
and condition in offsetting the cost of filter renewals. 





2 See SAE Transactions, Vol. 33, July, 1938, pp. 


301-304: “Why Drain 
Crankcases and When,” by G. A. Round. 
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It is possible to renew the filtering element repeatedly with 
out draining the sediment trap of the typical filter. To make 
it foolproof, it has been proposed that the cartridge should be 
removed through the bottom, or else the removal of the cover 
automatically would open up the bottom drain. Filters in 
which the sump contents are dumped back into the oil line 
when a cartridge renewal is made, or when the bypass valve 
goes into action, are to be frowned upon. 

The original type of unit filter without the removable car 
tridge overcame some of these drawbacks, but there should be 
no desire to go back in view of other inherent undesirable 
features of this type and its installation. 


Crankease Drains 


Laboratory reports of relative crankcase drains on samples 
sent in from the field made by Continental Oil Co., are shown 
in Table r. Under the heading “Filter” are two columns 
“Yes” and “No” which have been filled out only when the 
information definitely showed that the unit did or did not 
have a filter. Whenever both columns are left blank, there is 
no authentic information concerning the equipment on tha! 
particular unit. The comments under “Remarks” cover the 
materials found in a detailed examination of the ash. In some 
instances, combustible material such as lint, carbon, and plant 
fiber, is shown, and these materials were determined by ex 
tracting them from the oils on a 200-mesh screen. 

The fifth heading, Car C, involved a case wherein severe 
contamination of the oil occurred during service which was 
traceable to a calcium-chloride base anti-freeze that found its 
way into the lubricating oil. So long as the operating temper 
atures were low enough so that the water in which the 
calcium-chloride was dissolved was not evaporated, the mate 
rial naturally would circulate with the oil and, being in solu 
tion, would not be trapped in a filter. In this particular case, 
a rather large portion of calcium-chloride was found as a 
precipitate, the remainder being in solution with what water 
was found in the sample. 

The sixth heading, Car A, was an interesting case because 
this car had been equipped with a waste-packed type filtes 
shortly after the car was put in service. The car had a total 
of 10,000 miles of service at the time the examination was 
made, the oil having been operated 850 miles on the last drain. 
Although the sediment was not as high as is found often, 
examinations of the crankcase and engine interior showed 
very heavy deposits of foreign materials, especially with re 
spect to dust or dirt on the inside of the valve cover, all over 
the valve rocker-arm mechanism, and the valve push-rod cover. 
In spite of this heavy deposit, the oil was, to casual observa 
tion, quite clear and clean; that is, if one examined the oil by 
the bayonet gage method as often is recommended. 

The two items marked with an asterisk (*) under the 
heading “Diesel Truck K” bear checking because it so hap 
pened that the first examination made from a sample secured 
at 4442 miles showed a relatively healthy condition; however, 
the next sample secured at 4880 miles service (only 438 miles 
more service) showed a very marked increase in the per cent 
of sediment. A detailed examination of the contaminating 
materials showed exactly the same amount of ash and the 
same percentages of materials composing the ash. This situa 
tion is rather unusual, but that is how the laboratory reported 
the examination. In view of the type of construction involved 
in the filter, which is built into the particular engine, it is 
probable that the filter bag wore through, allowing the con 
taminating material to escape from the filter and get back into 
circulation. This conclusion is based on comments that will 
follow relative to an examination made recently on a large 
fleet. 


The next three “Diesel Truck K” headings involved several 








262 


S.A.E. JOURNAL 





Vol. 44, No. 6 


(Transactions) 


units of a large fleet in transport service that had been con- 
verted from gasoline units to diesel. Practice was to change 
the filter elements every 2000 to 4000 miles according to the 
type of service the particular unit was in. Crankcase drains 
averaged between 790 and 1300 miles of service according to 
the run on which the unit operated. The miles shown under 
these three entries represent the miles of service involved 
between crankcase drains. It will be noted that the first entry 
showed 9% sediment, and this value is comparable to that 
obtained on other units in the fleet. Examination of the filter 
bags disclosed the fact that they were either torn from the 
combined effect of heat and the oil pressure under which the 
filter operates, or that the vibration and shifting of the mate- 
rial in the filter bag caused the bag to wear through. In either 
event, it leaked and allowed the material that had been trapped 
to find its way back in the circulation. 

To show improved operation, an additional filter was in- 
stalled on this unit; it will be noted in the two last entries, 
that two filters are indicated in service. The unit was run 1332 
miles and 790 miles respectively between the next two drains, 
and the sediment values reflect an improved or healthier lubri- 


cating oil condition as a result of better removal of contam 
inating material. 

In the case of another truck in this same operation, a 
different type of filter was installed in series with the regular 
filter, and one test run showed a reduction down to 0.4% 
sediment by the ASTM method. 

The tabulation at the bottom of the table shows the analysis 
of the material in the standard equipment filter bag when 
removed from service from the three last “Diesel Truck K.” 
The very great difference found between the total ash, and the 
constituents of the ash (sand and iron), and the insoluble 
materials bears study. By far the greater part of contaminat- 
ing material in this engine was soot as the result of incomplete 
combustion (which it is believed was due to improper main 
tenance of the unit and not an inherent fault of the engine). 
The laboratory reported that the soot was so finely divided 
that it would pass right through the laboratory crucible. This 
condition probably explains why such a large per cent of 
sediment was found in the oil even though two filters were 
involved. The steady decrease in sediment as indicated in the 


last three “Diesel Truck K” entries of Table 1 shows that 


Table 1—Data from Used Oil Examinations 
Miles Filter Sediment, Dilution, 
Make on Oil Yes No Water, % ASTM % Ash % Remarks 

Car A — '38 600 None Be 0.138 

Car B — 38 1200 =e 0.6 0.394 ™ 

Car A — "32 1 0.1 Ss ee a2 

Car A - 38 1000 Trace 0.5 0.132 2.8 

Car C - 500 cna 3.4 cay 4.152 ee 3.35% Calcium-Chloride Found in Ash 

Car A — '37 850 Yes Trace 0.5 +.0 Very Heavy Deposits of Lint, Brass, 
Rust, Carbon and Dirt on Valve 
Cover and Oil Pan. 

Car D — '37 500 Yes 0.5 0.7 0.032 4.0 Coal, Sand, Lint and Clay. 

Car D — '35 250 Yes a Trace 1.0 0.094 4.0 Wood, Coke, Cinders, Clay, Sand. 

Car E a 500 5 Sie No Trace oe” We eeass Sand, Iron, Lead, and Pieces of Cork. 

Car F — '35 1800 Yes Trace 0.143 Lint. 

Car A ~ 328 1000 Met re siete eae 0.644 12.0 Sand, Iron. 

Car A — '37 1000 Yes ee 1 ae 0.1 0.006 1.6 

Gar A — '37 1410 pee No None 1.6 0.722 6.0 

Yar C — '37 Seek FM et 3.0 ek 0.794 16.8 

Car C = "37 1007 ats No Trace 2.3 0.51 16.0 Lint, Carbon, Sand, Bearing Metal. 

Car D - '37 550 Yes None 1.4 3.6 Very Large Amount of Fine White 
Sand. 

Car C - '34 940 No 5.4 17.6 5 eae 36.4 

Car A — '37 1000 eid None 1.3 0.20 3.6 Sand, Iron. 

Car A ~ 1000 Yes None 0.6 0.10 my 

Truck A - '36 eas tor 4.0 3.5 36.0 Coke and Carbon—Probably Coal 
Dust. 

Truck A - 1400 Yes 0.2 2.2 0.61 2.0 Sand, Rust. 

Truck G - ’36 1600 4 Pee 2.0 4.2 0.874 4.8 Sand, Iron, Bearing Metal. 

Truck H - 800 Yes Trace 1.0 0.41 4.8 Lint, Carbon, Sand, Bearing Metal. 

Truck H - 800 Yes Trace 0.7 0.21 9.0 Coke, Sand, Flakes of Green Paint. 

Truck J - ’37 1500 Yes 0.8 0.45 0.10 5.2 Sand, Iron. 

Tractor M — 56 hr Yes 0.1 1.6 Lint, Carbon, Plant Fiber, Sand, In- 
sects. 

Tractor O - 40 hr party Trace 0.6 0.46 2.8 Brown Sand. 

Diesel Truck J 112 Yes Trace 0.3 0.132 

Diesel Truck J 200 Yes None 0.3 0.209 

*Diesel Truck K 4442 Yes Trace 1.0 0.119 Sand, 4.2%; Iron, 95.8%. 

*Diesel Truck K 4880 Yes Trace 4.5 0.119 ers Sand, 4.2%; Iron, 95.8%. 

°Diesel Truck K 1038 Yes None _, ee 45 

°Diesel Truck K 1332 Yes (2) Trace 5.0 20 

°Diesel Truck K 790 = Yes (2) Trace 2.4 20 

Diesel Tractor L 60 hr Yes 27.0 5.0 fens 

Diesel Tractor L 40 hr Yes None 4.2 0.12 Silica, 10%; Iron Oxide, 90%. 


°Diesel Truck K — Three Last Entries 


Analysis of Material in Filter Bag 


Insoluble in Petroleum Ether 
Insoluble in Chloroform 
Total Ash 
Analysis of Ash 
and (Si O,) 
Iron, as Fe; O; 


28.7% (Oil, 71.3%) 
26.3% (Asphaltenes, 2.4%) 
0.10% (Combustible, 26.2%) 


0.06% 
0.04% 


NOTE: The same standard equipment filter bag was in use on all three drains, and on the last two drains, two were used in series. 
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the second filter was becoming increasingly efficient, as it 
accumulated contaminating material that tended to reduce the 
size of the opening through which the oil could pass. 


Draining Frequency and Requirements 

We are familiar with the few operators who recommend no 
oil changes at all but simply add make-up oil between the 
twice-a-year drainings or when seasonal oil changes are made”. 
At the other extreme, we have an example* of an operation 
with two changes in one round trip due to abnormal tempera 
ture variations. Mileages as high as 30,000 without any 
noticeable deficiency in the lubricating value of the oil have 
been claimed by Company “A” on carefully maintained oper- 
ations and wherein filters made with removable cartridges 
containing long-fber cotton waste are used. The average, 
however, with its buses for oil life between periods of com 
plete change runs about 8000 miles. New oil is, of course, 
added as consumption takes place. 

Company “B” has decided that filters are most efficient for 
about 1000 miles before they have to be changed and that 
their greatest efficiency is relatively short-lived before they 
become inoperative. 


. 


It is the belief of Company “C” that, if oil filters are to be 
truly effective, some very great strides in their design and 
construction must be made. It appears to them that some 
measure of “intelligence” must be imparted to a filter in order 
that it may distinguish between materials which are harmless 
and those which actually cause damage, for example, a crank 
case oil may contain rather large amounts of lead oxide in 
suspension which does no harm to the engine either from the 
point of view of promoting abrasion or in clogging oil pas 
sages, ring grooves, and so on. To a certain extent there 
scems to be no objection to having fair amounts of soot or 
On the other hand, 
particles of gritty material, such as fine dust, and so on, can 
be quite harmful even when present in small quantities. At 
the present time Company “C” 


finely divided carbon in suspension. 


considers that the limitations 
of existing filters make it advisable to install them only when 
experience indicates that some measure of protection must be 
sought regardless of the complication and operating confusion 
which may result. Where some such device is not needed 
definitely, they consider it preferable not to install one. 

Company “D” feels that the cost of adding filters to existing 
vehicles in the field cannot be justified in areas where there is 
no special dust or sand problem. This operator feels that, if 
filters were sufficiently inexpensive, the cost might possibly be 
justified on the basis of protection against residual dirt in the 
new castings and any grit which might be carried by new oil. 
He does give the filter some credit as regards removal of 
small quantities of sludge, moisture, and acidity. Where there 
are only two oil-change periods outside of the spring and fall 
seasonal changes, he does not feel that the saving in oil 
through less frequent changes may warrant the filter invest 
ment. For equipment operating on gravel and stone roads, in 
sand pits, or general dusty areas, he does not question the 
advisability of its use. 

Company “E,” in experimenting to determine how long the 
lubricating oil could be used in the average passenger-car 
motor, decided that 4000 to 5000 miles was the maximum that 
it should be allowed to remain in the crankcase without 
changing. Both oil and the cartridge were changed at this 
period as, in this particular operation, it was found that there 
was not enough acidity or bottom sediment to be injurious. 


3 See “Results of Non-Changing Motor Oil,” by E. W. Jahn, presented 
at the Regional Transportation and Maintenance Meeting of the Society, 
Baltimore, Md., April 16, 1937. 


“See SAE Transactions, Vol. 32, August, 1937, pp. 325-342: “Crank- 


case Oil Temperature Control,” by E. W. Templin. 

5 See Industrial and Engineering Chemistry, Analytical Edition, Vol. 6, 
Jan. 15, 1934: “Optical Density Color Measurement for Petroleum Oils,” 
by S. W. Ferris and J. M. McIlvaine. 
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The lubricating oil expense was reduced approximately 35% 
as compared to that prior to the adoption of filters, and it was 
found possible to prolong for a further 10,000 miles the time 
in which the original rings would have to be changed. 

Company “F” found that, where they had lengthened the 
draining period from 2000 miles to 4000 or more between 
drainings of the crankcase to take care of the filter pack cost, 
it was found that the filter after 1000 to 2000 miles service 
became 100% plugged so that, for 1000 or 2000 miles there- 
after, the engine was running on dirty oil. 

Company “G” ran a comprehensive test on their heavy-duty 
trucks. Groups of 10 trucks each were equipped with filters 
of the Fuller’s-earth, cotton-waste, and metal-screen types, and 
another group of 10 was without filter equipment. The 
felt-disc types were used on one group of 11 trucks and 
another of 7. Crankcases were drained and refilled with new 
oil every 5000 miles. A sample of the used oil was taken 
every 1000 miles of operation from a sampling cock installed 
in the oil manifold leading to the main bearings, and it was 
inspected for color, neutralization number, percentage of tar, 
dirt, ash, and carbon residue. The felt-disc and metal-screen 
filters were cleaned every 1000 miles. The Fuller’s-earth and 
cotton-waste filters were renewed when the naphtha-insoluble 
material reached approximately 0.5%, from which it was 
found that the test renewal was necessary about every 10,000 
miles. The used-oil inspection data for all the trucks in a 
group were summarized by averaging for each group on a 
1000-mile data, and Fig. 1 shows the group averages for 
chloroform-insoluble material (percentage dirt) at each 1000 
miles covering a period of four oil changes of a total of 20,000 
miles. Although there are distinct fluctuations, it will be seen 
that no one group is distinctly better or worse than any of the 
others. Variations might include any of a variety of causes 
such as errors in sampling, inaccuracy of the laboratory inspec 
tions, or variations among individual truck operations in each 
group. 

The average oil-inspection values from the various samples 
are plotted in Fig. 2 against miles of oil usage, comparing all 
groups with filters and the groups without. Color was mea 
sured by the optical-density method®. In the case of the filter 
groups, all the inspections for the 1ooo-mile periods were 
tabulated. Since the Fuller’s earth and cotton waste type 
filters were used without renewal for two oil change periods, 
the 1000-mile samples for the second period were not included. 
The arithmetic average was then found for each measure of 
oil condition. Similarly averages were accumulated for each 
successive 1000 miles of operation. The no-filter group was 
similarly summarized. The differences between tar and dirt 
are particularly small. 


A recent survey of fleet oil drains is shown in Table 2. This 


Table 2—Frequency of Fleet Oil Drains (Fleet owner survey 
among 367 large operators) 


With Without 

Miles Between Drains Oil Filters, % Oil Filters, % Both, % 
500 and under...... 0.5 12.8 6.5 
1000... 16.8 55.5 36.0 
1200... 3.0 5.1 4.0 
1500... 6.0 11.3 8.6 
2000... 14.3 9.2 11.8 
1000-2000. ... 40.1 81.1 60.4 
, ee 4.0 1.0 2.8 
UPS eins ss Lie 9.9 1.0 5.5 
4000. ... 7 5.4 0.5 3.0 
5000... ee 7.5 0.5 4.0 
Over 5000...... ; 32.2 3.1 17.8 
100.0 100.0 100.0 

Average..... 4823 Miles 3050 Miles 


1405 Miles 
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Fig. |-Per cent chloroform insoluble (dirt) is plotted against mileage for various groups of trucks equipped with different 
filters 


table clearly indicates the faith of operators in filters by the 
lessened frequency in draining when so equipped. 


Neglect of Servicing 

No operator with his eyes on maintenance costs and who is 
tully appreciative of the problems involved would permit a 
filter to become inoperative due to the many causes discussed 
herein. To those operators who need enlightening, it is hoped 
that this paper will contribute toward their better knowledge 
of this intricate situation. 

The individual passenger-car owner does present a serious 
problem. Educational work is most desirable in this field 
covering the entire matter of lubrication as affecting the 
operation of his car. To disregard even watching the oil level 
because a filter was on the engine is one extreme that has been 
experienced. Some car manufacturers, no doubt, have over- 
stressed the infrequency of oil changes, and the sales end once 
again has dominated the engineering department. Some filter 
manufacturers also have been guilty of disseminating danger- 
ous information that oil changes are unnecessary if their device 
is used. Some oil companies have stressed a frequency of 
changes that is too often in view of the good condition of the 
oil at the period proposed. However, oil is always cheaper 
than parts, and at least no harm can be done here as in the 
case of the other proposals. However, this is all too confusing 
to the ordinary owner. Is it any wonder that John Q. Public 
has become utterly bewildered on top of his complete ignor- 
ance of the lubrication problem? Furthermore, the car dealer 


or filling-station personnel cannot advise properly in the ab 
sence of any simple tests for gaging the condition of the oil 


Flow-Temperature Relationship 


A laboratory investigation of the flow rates of a series o/ 
automotive lubricants through four representative automotive 
filters at temperatures ranging from 15 F to 210 F, and at 
pressures of 20 and 60 |b per sq in. was conducted by Socony 
Vacuum Oil Co. New unused lubricants of SAE bodies ot 
10 to 50 and new unused filter cartridges were employed 
throughout the investigation. 

From the data presented, in Figs. 3 to 12 inclusive, with the 
exception of Filter A, it is apparent that, even the lubricant 
with an SAE body of 10 has very low flow rates at a temper! 
ature of 15 F, and that the heavier oils are still lower in this 
respect. It therefore follows that, in cold weather, very little. 
if any, oil flows through an oil filter and, in particular, with 
the filter-equipped engines which make short runs of % hi 
or less, thereby not raising the filter temperature sufficiently 
to permit a reasonable flow. It has been suggested that a filter 
be designed to bypass hot engine oil around the cartridge 
until the cartridge itself becomes hot enough to pass oil, in 
order to rectify this condition and make for better winter 
operation. 


There are two graphs for each of the four filters tested in 
Figs. 3 to 10. The first represents the tests at 20 lb per sq in 
pressure and the second at 60 lb per sq in. pressure. Each 
graph carries four curves representing SAE grades of 10W. 
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20, 30, and 50. The filters are given code letters of A, B, C, 
and D. Fig. 11 is a general average of all four filters and all 
oils with the same coordinates of all previous graphs. Fig. 12 
is plotted with flow rate as the abscissa and Saybolt Universal 
Viscosity in seconds as the ordinate. This graph also repre- 
sents a general average of all filters and all oils. It enables one 
to determine an average flow rate for any viscosity at either 20 
or 60 lb per sq in. pressure, or other pressures by interpolation. 

Flow rates were determined by means of a graduate and a 
stop-watch. The lubricants used represent high-quality com 
mercial automotive oils of better than the average pour point. 
All filters were factory-equipped with orifices to limit the 
quantity of oil taken from the lubrication system into the 
filter. Filter B is constructed with a bypass operating at 30 to 
35 lb per sq in. pressure. 

From the foregoing it is apparent that the filter will not 
operate until the oil gets up to a sufficiently high temperature 
so that the viscosity will drop enough to permit it to pass 
through the filtering element. This condition means that 
some drivers may operate their cars for several weeks in the 
city before they have reason to take a longer run when the oil 
temperature will get high enough to provide adequate filtra 
tion. The engines in milk trucks and other vehicles engaged 
in door-to-door delivery may never get hot enough to filter 
properly. This condition actually has been proved by tests in 
which the outlet pipe from the filter was disconnected and 
observing that no oil would flow out until the car was run for 
a considerable time. Furthermore, the dilution in these cars is 
such that frequent oil changes appeared advisable; conse 
quently, one operator is not recommending filters to be used 
on cars whose average mileage is less than 500 per month. 
Furthermore, with low pressure while idling, there is little 
chance of filter flow at such time. 


Moisture Accumulation 


Low temperatures induce water accumulation, since the 
engine is capable of generating a greater amount of water 
than the amount of fuel consumed. Furthermore, at low 
jacket temperature, condensation will get into the crankcase 
and form on its walls in intermittent operation. The accumu- 
lation will interrupt the lubricating-oil circulation by blocking 
the pump or interfering with the filter should the water reach 
it and freeze. After warming up and combining with what 
acid formations might be present, corrosion ensues, depending 
on the vulnerability of engine parts that are contacted. Be- 
sides, soot and lead salts are powerful emulsifying agents with 
oil and water. 

The presence of water is no indication that an oil is break- 
ing down, as has been claimed. Its detection in the form of 
rust spots in the filter, for instance, cannot permit the filter to 
ict as a gage to determine the quality of an oil. 


Oil Acidity 

In view of the complexity and possibilities of acid formation 
in the crankcase, acidity in itself means relatively little. There- 
tore, the neutralization number is not helpful unless the re- 
maining factors are known. The case history of individual 
cars, trucks, or units in definite operations overcomes the influx 
of variables when widely separated general operations are 
compared. As has been shown®, an acid number of 2 or 3 in 
oxidized naphthenic oil will not attack copper-lead or cad- 
mium but an acid number of 1 or even less with a paraffin 
base can produce corrosion. 

High crankcase temperature, due to driving speed of a car 
or full-load operation of a truck with ample crankcase ventila- 


®See SAE Transactions, Vol. 33, September, 1938 pp. 385-402: “‘Auto- 
motive Bearing Materials and Their Application,” by A. F. Underwood. 
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tion, and the fine oil mist within, hot piston heads, and so on, 
provide an ideal oxidizing “furnace.” There is no question 
about the modern lubricant being taxed to the limit under 
these extreme conditions. 

Chemical changes leading to the development of contami- 
nants are accelerated, in turn, by the presence of the same 
kinds of contaminants and their accumulation in the oil and, 
as deposits in the crankcase or the filter, affect adversely the 
stability of the oil. Finely divided iron acts as an excellent 
catalyst. 

Analyses show the existence of lead and iron napthanate 
in the used oil. These very materials are used in the paint 
industry for drying oils, and it is therefore evident that our 
engines are producing excellent lacquer or drying oils but in 
the wrong place and for the wrong industry. Iron napthanate 
in synthetic paints gives a drying characteristic which no other 
drier has the ability to provide. 

In view of the existing conditions permitting oxidation of 
the oil within the crankcase, a number of proposals have been 
made toward attaining a neutralizing or controlled atmos- 
phere, such as the use of the exhaust gases in view of the 
prevalency of nitrogen. Tests along this line have proved 
unsuccessful, no doubt due to the fact that, when nitrogen is 
present even in very small quantities, it tends to make the oil 
film that may be formed in highly oily oils, a very uncertain 
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Fig. 2—Average oil-inspection values for trucks with and 
without filters are plotted against miles of usage 
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Figs. 3-6— Flow rates of four automotive lubricants through two representative filters are plotted against operating temperatures 


quantity. Sudden breakdown occurs in almost all cases where 
even extremely minute quantities of nitrogen compounds are 
present. 

Nitrous oxide is prevalent in the exhaust and, with lean 
mixtures, nitric oxide is formed. In the study of the disasso- 
ciation of gases at high temperatures, we are aware of the 
presence of carbonic acid from carbon dioxide and water 
vapor. 

Unfortunately some of the additive agents raise the neutrali- 
zation number over that of the straight new oil, and consid- 
eration of acid determinations must be weighed with this 
consideration in mind. 

In the laboratories of the Standard Oil Co. of Calif., tests 
were conducted on a number of commercial filters with a 
General Motors connecting-rod bearing testing machine. Oper- 
ation was continued for a period of 64 hr with an oil tempera- 
ture of 300 F, which temperature provides marked deteriora 
tion of the oil accompanied by the formation of asphaltic and 
acidic oxidation products. These results are summarized in 
Table 3. It will be noted that none of the filters investigated 


Table 3 — Filter Tests 


General Motors Connecting-Rod Bearing Testing Machine 
64 Hr 
Oil Temperature, 300 F 


Viscosity Neutrali- 
Filter Bearing Increase zation Conradsor 
Tested Type Wt. Loss, g at 210 F No. Carbon, % 
Series 1 
None 2.560 13.0 1.92 2.02 
A Compressed Fuller’s 
earth* 4.631 12.2 1.99 2.64 
B Florida clay and rock 
wool 3.234 8.9 2.07 2.1 
Series 2 
None 0.902 9.3 3.45 2 04 
C Igneonite (ceramic) 1.434 11.6 1.03 1.76 
D Cotton Waste 
(chemically treated) .210 11.1 3.32 1.92 


* Ash high in used oil. 


Oil Condition at End of Test 
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was particularly effective in removing the oxidation products 
formed under these conditions. In all cases bearing wear 
increased, probably due to the introduction of small amounts 
of abrasive materials into the oil. Although it is realized that 
























































































































7See SAE Transactions, January, 1939, pp. 23-29: “Some Develop- 
ments Relative to Crankcase-Oil Filtration,” by A. T. MacDonald. 
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these tests are not representative of the conditions imposed on 
a filter in engine service where removal of solid materials such 
as silica, carbon, iron, and so on, is of primary importance, 
these data do indicate the failure of the average filter to remove 
the contaminants formed by oxidation of a motor oil. 

In diesel engine work it has been found that the dirt, lus 
trous and insoluble deposit found on the piston skirt and in 
the ring-belt area when sticking occurs is never found in the 
crankcase oil‘. This finding has led to the belief that lac 
quers are only formed when the oil is subjected to a high 
temperature (approximately 400 F) in a thin film on the metal 
surface. This condition has been duplicated in the laboratory 
by heating oil in a thin film on a steel plate at 400 F for 30 
min, whereas heating the oil in the body even at temperatures 
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Figs. 7-10 — Flow rates of four automotive lubricants through two representative filters are plotted against operating temperatures 
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Fig. 11 - A general average of all filters and all oils of Figs. 3 
to 10 for the two pressures, is given in these curves of flow 
rate versus operating temperature 


as high as 600 F did not result in the formation of this 
matenial. 


Color of Oil 


Undue emphasis sometimes is placed on the color of the oil. 
lt may be discolored slightly and yet be in excellent shape. 
Certainly it could be much better than a lighter oil in which 
there may be acids and other impurities not readily detectable 
by the eye. The decision for an oil or cartridge change on the 
basis of the color of the oil on the bayonet gage is baseless. 
‘ The ordinary gray-brown coloration of oil due to tetraethy] 
lead will do no harm. The lead deposits in the combustion 
chamber blow out with the help of bromine but, when a heavy 
dase of dope is required, the lead is not so easily removable, 
and bromides among the contaminants in the crankcase do 
not simplify the possible chemical combinations. In the com- 
bustion chamber and on the cylinder walls, the free bromine 
probably attacks the iron and iron oxide, releasing oxygen. 
and blowby carries some of the bromine into the crankcase. 


Engine Design 


The sensitivity of the whole lubrication situation is indi 
cated by possible results from minor engine changes. Crank- 
case sludge developed in a certain small truck engine was 
promoted by a reduction in the piston area as affecting the 
vate of heat transfer to the cylinder, producing a hot surface 
on the under side of the piston head and attendant increased 
oxidation and oil temperatures ranging between 300 and 
350 F. A subsequent design change in the water jacket to full 
length resulted in overcooling and a 5% dilution of the lubri- 
cating oil and considerable lead compounds (from the fuel) in 
the crankcase oil. 

Engines in which pockets of oil are found or complete 
drainage is not obtainable, will bring about a condition per- 
mitting the sludge to settle out. Such conditions should be 





8See “A Mechanical Solution of the Diesel Piston-Ring-Sticking Prob- 
lem,” by A. W. Pope, Jr., presented at the Annual Meeting of the Society, 
Detroit, Mich., Jan. 13, 1937. 


intermittent service during cold weather as it may remain in 
operation during an entire run. Although dilution in itself is 
not a filtering problem, it is the combination of dilution, water 
accumulation, and the contaminants in the oil that causes our 
woes and provides the “wet wash” to bring down into the 
crankcase the deposits from the combustion chamber and 
smear the entire intervening path including the vulnerable 
ring region. 

Lightly loaded engines in winter operation are trouble 
makers. The advent of a more flexible or automatic trans 
mission which will load the engine better under such con 
ditions will promote improved operation. 

Thermostats to promote warm operation in winter are essen 
tial. Radiator shutters are preferable to the thermostatically 
controlled bypass of the water circulation to maintain higher 
underhood temperatures. The desirability of higher sump 
temperatures in cold weather has induced some operators to 
provide an insulating blanket to protect the bottom of the 
crankcase in cold weather. This appears to be a worthwhile 
winter provision. For some operations, a fully water-jacketed 
sump for warm operation in winter and cool operation in 
summer would pay for itself in a short time. There should be 
an optimum crankcase-oil capacity, as too great a volume in 
the sump might be undesirable for temperature equalization 
as compared to a larger volume and its slower contamination 
over a longer period. 


Air Filters 


The importance of the air filter must not be overlooked in 
this discussion since the dust, when taken into the engine, 
causes its first and most destructive effects as it works down 
from the combustion chamber into the sump. It would be 
unfair to charge up such deterioration from lack of initial 
protection to any inefficiency of the oil filter. 

A Type C car operating in the Yellowstone Park region, 
equipped with a cotton-waste type oil filter, showed an ap- 
preciable amount of sediment in the crankcase drains which 
was foreign to petroleum. Microscopic examinations of the 
sediment revealed particles of sand, limestone, and obsidian, 
the last being sometimes known as volcanic glass. In spite 
of the oiled roads over which the car operated, which would 
minimize the amount of dust taken into the engine, these 
obsidian particles were found in appreciable quantities. The 
use of a very efficient air cleaner of the oil-bath type resulted 
in a marked reduction in the amount of this kind of dust 
being found in the crankcase oil. Such unexpected possibilities 
are likely to crop out in different parts of the Country. 

Inadequate filters on crankcase breathers, the possibility of 
dirt collection falling into the filler pipe, louvered or other 


es 



































June, 1939 


unprotected openings in valve covers, and insufhicient crank- 
shaft seals will contribute toward entry of the enemy, dust. 
Engine manufacturers, more and more, are appreciative of 
this situation, and the later designs show improvements along 
this line. However, as a slave to styling, the new passenger 
cars, with their low-positioned grilles, are sucking dirt (and 
heat as well) into the engine compartment from the heaviest 
dust laden air layers above the road. Instead of occasionally 
“breathing in the other fellow’s dust,” this is being done a 
good part of the time in some localities, and the dust content 
just above a well-traveled concrete road is not to be dismissed 
lightly. It may seem an exaggeration not to want to “breathe 
in” the other cars’ exhaust, but it does seem that all air eventu 
ally will be taken from the roof levels, whether for carbure 
tion, cooling, ventilation, and so on. 


Miscibility of Undersirables 


Comparing the gum content of a given fuel with that of the 
diluent extracted from the crankcase drain reveals a large in- 
crease in gum content in the diluent material. Such material 
is not affected nor extracted by any of the oil-filtering devices 
because the diluent material, being perfectly miscible in the 
lubricating oil, passes through the filters as readily 
fresh unused oil. 


as clean 
The diluent, however, is high in gum-form 
ing material. Gumming is assuming greater importance, ow 
ing to its influence on the increase in ring-sticking and piston 
lacquer, and the resultant desire for cleaner engine interiors. 

A few years ago, one of the passenger-car manufacturers 
offered as an accessory the use of a magnetized drain plug 
tor use in the sump and transmission case. Its desirable use 
in the transmission is without dispute as it was found that, 
as a result of car inspection at an average of 2516 miles be 
tween inspections, the magnetic plug had each time collected 
approximately 4 to 4 cc of metal chips. Although the pos 
sible accumulation of iron and steel in the crankcase sump is 
quite small, the magnetic plug will prevent its circulation. 
However, there still remains iron in the form of soaps which 
are, of course, miscible in the oil and which would therefore 
escape retention by the magnetic plug or a filter. 
present, but the filter will catch it. 

As a result of oxidation, products are formed that are insolu 
ble in the oil and which will clog the filter, the time element 
depending on conditions. Again, depending chiefly on the 
basic chemical composition of the oil, the products may be 
soluble in the hot oil and are therefore free to circulate and 
look for “work” to do. Depending on the chemical composi 
tion of the filtering element, a reaction can ensue in which 
lacquers may be produced, affecting engine parts as well 
the filter. 


Rust is also 


A dditives 


[Inasmuch as filters will remove certain additives with pos 
sible disastrous results, the argument may be that it would 
be better to attack the situation by not using them. However, 
with the demand for greater output, the engine lubricating 
held can no more afford to return to the previous type of plain 
engine lubricants than in the case of EP’s for the transmission 
of power. Some refining methods remove the inherent oili 
ness and corrosion-resisting constitutents that were in the orig- 
inal crude and their depletion must be made up. There is 
sufficient evidence today to show that correct additives are 
here to stay. Sad to say, some of the supposed oxidation inhib- 
itors start off well until certain acid conditions develop, after 
which unforeseen contaminants develop. The question of the 
effect of filtering media, especially when chemically treated, 
or additive agents is a big subject and promises to get bigger 
as more oil companies inhibit against corrosion and lacquer 
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ing, or use additive agents to increase film strength, or for 
other purpose. 

Many filters tend to remove or destroy additive agents and, 
therefore, defeat the purpose of the compounding and, further 
more, filters will not regenerate compounding materials which 
are consumed in engine operation and, therefore, cannot 
claim to be able to extend the useful life of the compounded 
oils. The additives are present in quite small amounts, and 
some are removed to a certain extent by simple exposure to 
large surface areas. As a rule they virtually are removed com 
pletely by activated or alkaline filter elements. 

Service tests on a Hesselman engine with a waste-type filter 
and a compounded oil indicated that the filter was absorbing 
about 70% of the compound in 50 hr. This loss was about 
twice as rapid as when operating the engine without the filter 
in use. The lubricating-oil operating conditions in the Hessel 
man are much the same as with the diesel, except that the 
working pressures are much lower and there is not the ten 
dency for the oil to thicken up which is typical with many 
diesels. 

Some diesel engine oils carrying additives suffer appreciably 
in quality by certain filtering devices, and especially should 
any moisture get into the crankcase oil. The moisture appar 
ently combines with a certain additive agent and prevents its 
being filtered, hence it is trapped and held out from the oil, 
and the balance of the oil is thereby affected. 


Aircraft Experiences 


The builder of water-cooled aircraft engines is satished 
that, to obtain better performance from copper-lead, copper 
lead-tinned, and silver bearings, it is necessary to have a filter 
that will remove continuously the maximum amount of dirt 
and abrasive particles. The plate-type filters used in its test 
plant have approximately 0.0015 in. space between the plates. 
In experiments test bearings operated on oil which previously 
had been filtered by passing through felt, carried higher loads 
consistently at higher speeds than bearings operated on oil 
filtered with the plate-type strainers. It should be 1emembered 
that this experiment was a laboratory set-up having as its 
object as complete removal of dirt and abrasive particles as 
possible, and no consideration was given to applying such 
method to engines because of the possible pressure drop and 
the time required to filter a sufficient quantity of oil. 

One aircraft manufacturer has found that the additives 
which it has approved following full-scale engine tests are not 
readily removable by the type of metal or cloth filter that it has 
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Fig. 12—Flow rate is plotted against engine oil viscosity at 
operating temperature for all filters and oils of Figs. 3 to 10 
for the two pressures indicated 
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employed. The clay filter was found quite active in the 
removal of useful additives and besides it has not been able 
to get one of this type suitable for test work. With cloth 
filters a very large area is essential if it is to be used in series. 
Due to the pressure drop with filters in parallel, this method 
could not be used. 

A compact full-flow aircraft filter now in commercial 
use, weighing about 12 lb, utilizes filter paper. The test runs 
in Table 4 show that the percentage of organic sludge and 
asphaltenes taken out of the filter at regular intervals is only 
a small increase in concentration of the oil remaining in the 
crankcase. Possibly it goes through in solution and is in 
colloidal form. An original draining period of 70 hr without 
a filter has been extended to 250 hr; 10% passes through the 
filter. 


“A Good Oil Never Wears Out” 


This statement often has been made and taken as an axiom 
by many. The capillarity of metals results in the segregation 
of the oiliness constituent on the surface. It is therefore con- 
ceivable that, in the wearing away of the “sponge,” the prod- 
ucts that are removed will lower the oiliness content. This 
simple mechanical process is followed subsequently by a chem- 
ical one due to the fact that the real lubricating material is 
oxidized most easily. In mixing with moisture, oxidation 
follows and, unless new material is brought back into the oil, 
it will become depleted. Where engines are run at a high 
temperature and the oil is of a high paraffinic character, in 
certain cases oiliness may stay at a nearly constant point on 
account of the oxidation of the oil producing certain types 
of oiliness and even those of a saponifiable nature. However, 
the perfect balancing by reintroducing the desirable constitu- 





Table 4- Air-Cooled Aircraft Engine Filter Blow Down 


A B C D 


Blow-Down Blow-Down Blow-Down 
Sludge after Sludge after Sludge after 


12 hr of 12 hr of 12 hr of 
operation operation _ operation 

Time on Oil, hr 63:55 127:31 165:32 
Time since Overhaul, hr 63:55 127:31 165:32 
Mineral Oil, % 

(Soluble 86 Naphtha) 93 .07 92.66 95.18 89.77 
Asphaltic Matter, % 

Soluble Chloroform) 1.05 1.26 0.86 1.69 
Carbon and Carbonaceous 

Matter, % 5.35 5.59 3.39 6.89 
Inorganic Matter, % 0.53 0.48 0.42 1.17 
Saponification No. of 

Mineral Oil 4.5 2.85 3.05 
Total Weight of Sample 

received, g 160 155 130 208 

Used Oil from System 
A B C D 

Time on Oil and Time 

since Overhaul Same 

as on Samples Above 
Viscosity at 210 F, sec 131 131 134 133 
Neutralization No. 0.14 0.17 0.15 0.14 
Saponification No. 3.02 3.07 2.23 2.78 
Sludge.(Wright Method) 38.5 53.2 46.8 50.5 

mg/10 grs 
Mineral Oil, % 96.15 94.47 95.04 95.00 
Analysis of Sludge 

Asphaltenes, % 0.77 0.17 0.91 Lay 

Carbon and Carbon- 

aceous, % 2.93 3.62 3.33 3.74 
Inorganic Matter (by 
difference), % 0.15 0.00 0.47 0.14 





ent would be a practical impossibility On the other hand, 
in larger diesel installations where engines run at reasonably 
low temperatures, such oxidation does not take place readily 
and drained oil, after a long period of use, may show insufh 
cient oiliness and, therefore, it induces loss of metal by corro 
sion as well as abrasion. Were the balancing of oiliness 
feasible, there is nevertheless the danger that at certain tem 
peratures when oxidation might be induced at a rate sufh 
ciently high to keep the oiliness of the oil at a given level, it 
might unduly promote the production of corrosive acids which 
may not be prevented adequately from acting on the metal, 
and the oil will show undue corrosive effects. The proper 
oiliness in the original oil, or obtained by the use of additives, 
should be kept at a given level, or at least not below it, to 
provide good lubrication and corrosion resistance. Were this 
true, the idea would hold that a good oil will not wear out. 

That the oil will wear out seems to be substantiated by a 
test made by the Alox Corp. on the possible depletion from a 
mixture of regular lubricating oil with a saponifiable oiliness 
material which required 126.6 mg of potash to saponify 10 g 
of the oil. After placing it in a single-cylinder home-lighting 
engine and running slightly less than 24,000,000 revolutions in 
some 200 hr, it showed, after the run, a saponifiable of 116.1, 
or a reduction of more than 10 points. 

The amount of saponifiable material in most oils is ex 
tremely small, and it is only fair to say that there are other 
than saponifiable oiliness materials, but they usually have 
much the same qualities. As a saponifiable material is easy to 
trace as to its increase or decrease under the circumstances 
under which this material was tested, it was chosen. If deple 
tion occurs at approximately the same rate in 2n ordinary oil, 
an oil undoubtedly is lowered considerably in its oiliness con 
tent in the ordinary mileage at which the oil changes occur 
and is much worse, no doubt, at the end of double the mileage, 
although the curve of absolute oiliness content probably would 
reach a rather flat point because of the small »mount of oil 
ness content after long hours in the crankcase. 


Future Developments 


A number of years ago a centrifuge was incorporated in the 
engine of the Renault car. Its effectiveness was quite low, 
particularly in view of a lack of understanding of the problem 
as we know it today. At present the crankpin is the best 
“centrifuge” we have developed thus far. The centrifuge is a 
valuable instrument in the laboratory and undoubtedly will be 
incorporated, with more or less variations, in the engine of the 
future. A speed of 6000 rpm seems rather tame compared to 
supercharger speeds, and we might look for a common rotor 
shaft for these two units. Our present lubricating system will 
require some revamping in view of the problem of the time 
element for proper centrifuging. A sufficient period must be 
allowed. 

It will be appreciated that the entire problem discussed in 
this paper is dependent upon numerous factors such as the 
refining processes in the making of fuels and lubricants, tem 
perature and atmospheric conditions, topography, operating 
conditions (trafic density, speed, idling, and so on), engine 
design and working conditions, filter characteristics, and vehi 
cle design. They are all interrelated and result in a mechanical 
as well as a complex chemical problem that faces us. The 
engine’s condition is reflected in these findings and, no doubt. 
a careful study of these conditions will bring about bette: 
engine design. The internal-combustion engine began as a 
mechanism. It was then subsequently known as a heat engine. 
and today we can readily appreciate that it is equally a chemi 
cal one. 

I wish to thank my many friends who have contributed data 
and material for use in this paper. 









































irline Power Control with a 


orque Meter 


By W. G. Lundquist 


Wright Aeronautical Corp. 


OW the airlines can obtain laboratory-preci- 

sion power control by means of a torque 
meter, is explained by Mr. Lundquist. He tells 
how the device provides an accurate method for 
controlling both brake horsepower and fuel-air 
ratio. The simplicity of the method is stressed, 
and its limitations under various operating con- 
ditions are brought out. 


In this paper the author presents an impartial 
discussion of the principal phases of the general 
problem to assist airline operators in evaluating 
the possible benefits that they individually might 
achieve by the use of torque meters. He points 
out that the long-range operator is the only one 
who probably will realize any appreciable im- 
provement in operating efficiency by the use of 
the torque meter, and even he must survey care- 
fully his present operations to ascertain whether 
or not he already is operating so near to maximum 
efficiency that the application of the torque meter 
will not produce any benefits. The torque meter 
will add from 10 to 50 lb to an engine, including 
the indicating equipment, the author reveals. 


The mechanical features of 
torque-meter types are reviewed. 


some current 


HE question concerning the desirability of incorporating 
torque meters in aircraft engines has received much 
thought and discussion during the last two years. Aside 
from their obvious use in connection with the calibration of 
engines and airplanes in flight, no one is exactly sure what 
further benefit they may produce. It is hopefully believed in 
many quarters that they will solve all airline operating prob- 
“igs It is this latter aspect of the torque-meter question, that 
s, possible airline use, which we wish to consider here. 
Before we go into the specific problem of airline power con- 
trol with a torque meter, we will digress to acquaint ourselves 
with the mechanical features of some current torque-meter 
types. 


[This paper was presented at the National Aeronautic Meeting of the 
Society, Washington, D. C., March 16, 1939.] 

1 See the Journal of the Aeronautical Sciences, July, 1938, pp. 364-367: 
“Measurement of Engine Power in Flight,” by Oscar W. Schey. 
2See SAE Transactions, Vol. 33, February, 1938, pp. 49-62: “Flight- 


Testing with an Engine Torque Indicator,” by A. L. MacClain and R. S. 
Buck. 
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A torque meter is a device which indicates either the torque 
transmitted to the propeller or the torque reaction imposed 
upon the stationary gear in geared engines. In either case, 
this indicated torque bears a constant relation to the actual 
engine torque, and so we can calibrate and read the torque- 
indicating instrument directly in terms of engine torque. An 
example of the first type of torque meter was developed by the 
NACA (National Advisory Committee for Aeronautics )* and 
is shown in Fig. 1. In this case the torque is transmitted from 
three spider arms which are splined to the propeller shaft, to 
three pressure-sensitive elements which are attached to the 
propeller hub itself. These pressure-sensitive elements contain 
a sealed-in fluid, and the fluid pressure thus generated in the 
sealed-fluid system is transmitted to a measuring diaphragm 
which actuates a little pivoted mirror which, in turn, reflects 
a beam of light upon a photographic film, thus tracing a wavy 
line whose displacement is proportional to the torque en 
to the propeller hub. A schematic diagram is shown in Fig. 
This type of torque meter has its principal application on 
direct-drive engines. 

Fig. 3 shows a torque meter of the second or reaction type, 
as applied to a Wright Cyclone engine. In this meter the sun 
gear A is splined into the torque arm B which is mounted on 
a ball race C. This torque arm engages, at its outboard end, 
the torque balancing piston D. This piston is, in reality, a 
pressure-relief valve for the oil pump E and, as such, permits 
the oil pressure in the chamber F to build up to the value 
required to produce a total piston force exactly equal to the 
torque reaction load on the end of the torque arm. The oil 
pressure thus maintained in F is proportional to engine torque 
and can be indicated by an ordinary pressure gage. Inasmuch 
as there is a continuous flow of oil through this torque meter 
due to the relief-valve action of the piston, it is known as a 
flow-type meter, as distinguished from a torque meter having 
a sealed fluid system as was the case of the torque meter in 
Fig. 1 

Another form of the flow-type meter is shown by Fig. 4. 
This unit was developed by Pratt and Whitney Aircraft*. This 
model has two torque-balancing pistons w hich arrangement 
eliminates the reaction at the central bearing. One of the pis 
tons (10) has attached to it a small valve (14) which meters 
the oil from an auxiliary oil pump to both pistons in such a 
manner as to maintain just enough pressure to balance the 
torque reaction loads applied through the sun gear. 

All of the foregoing type meters have been uniformly suc 
cessful. Some reaction-type meters have been tried with sealed 
hydraulic systems (similar to that of Fig. 1) but, in general, 
the flow-type models appear to be gaining favor because they 
are less subject to errors due to changes in calibration. 

The first question in connection with the use of a torque 
meter for airline power control concerns the accuracy which 
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can be expected. On this question all authorities agree that a 
well-designed torque meter is a precision instrument capable 
of producing results which are as accurate as those produced 
by an electric and water brake dynamometer set-up. Fig. 5 
illustrates a typical calibration. Notice that all the points are 
within the + 2% lines. When we further consider that part 
of this error is experimental error in the reference dynamom- 
eter data, we may conclude that a torque meter is as accurate 
as a conventional dynamometer and even may be more accu- 
rate in some cases. What the accuracy of a torque meter is in 
flight at all altitudes is, of course, not definitely known, but 
there appears to be no reason to suspect that it will not be as 
good as the accuracy on test-stand operation at sea level. A 
good torque meter, therefore, is reliable and accurate, and 
converts an engine installation into a flying dynamometer 
whose accuracy is limited only by the accuracy of the asso- 
ciated instruments. 

The next step in evaluating the benefits realizable by the 
use of a torque meter for power control is to make sure that 
we understand what power control really is and what its rela- 
tive importance is in different types of operation. 

The purpose of airline operation is to transport payload at 
a profit. Profitable operation requires not only maximum 
practical trip economy, but also high overall operating econ- 
omy which includes economy of maintenance of equipment. 
All these items are related to power output. We must operate 
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Fig. 2—The operating principle of the NACA torque meter is illus- 
trated schematically 
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our engines at enough power to maintain reasonable schedules 
and reasonably high engine thermal efficiency, without exceed- 
ing the limits which will provide reasonable engine life. Power 
control is therefore really judicious efficiency control, wherein 
we constantly balance overall thermal efficiency against sched 
ule time and engine life expectancy. 

The term “overall efficiency” is used advisedly in the tore 
going, since any complete analysis of operating efficiency must 
include consideration of: 1. the lift over drag (L/D) charac 
teristics of the airplane; 2. the propulsive efficiency of the 
propeller installation; and 3. the specific fuel consumption of 
the engine. 

With a given airplane, L/D is a function of gross weight 
and indicated air speed, and so this variable can be evaluated 
and fixed at any selected value without specific regard to 
power-control methods. The propulstve efficiency and the 
specific fuel consumption are both functions of many variables. 
They have two variables in common, namely: brake horse 
power and rpm. The specific fuel consumption further is 
related arbitrarily to the means provided for controlling and 
indicating the fuel-air ratio. If power control, therefore, means 
efficiency control, then power control consists specifically of 
controlling brake horsepower, rpm, and fuel-air ratio. 

The rpm is controlled by the propeller governor and is 
indicated by the tachometer. Brake horsepower is controlled 
by the throttle and rpm and is indicated currently by reference 
to absolute manifold pressure and rpm. The specific fuel con 
sumption or fuel-air ratio is controlled by the carburetor mix 
ture control and is indicated currently by an exhaust-gas 
analyzer or fuel flowmeter of some kind. We note, therefore, 
that we already have available all the devices for power con 
trol. This statement always brings on a flood of arguments 
concerning the inaccuracies introduced by these available 
means, particularly in the case of those means which indicate 
brake horsepower and fuel-air ratio, and it is the correction of 
these inaccuracies which the proponents of the torque meter 
claim. 

Now we learned earlier that a torque meter in conjunction 
with an accurate tachometer or revolution counter will provide 
precision brake horsepower control, so the torque meter takes 
care of brake horsepower. 

In regard to fuel-air ratio control, the torque meter again 
helps us and we find that we have two ways of setting mixture 
strengths. The first is illustrated by Fig. 6. This figure shows 
the change in engine torque at approximately constant rpm 
due to change in mixture strength. Notice that “best-power” 
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Fig. 3-This reaction- / 
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mixtures can be determined very accurately. 


Best-economy 
mixtures are not so clearly indicated, but a satisfactory and 
consistent way of producing such mixtures would be arbi- 
trarily or empirically to fix the best-economy torque as some 
definite percentage ol best power torque (go to 95 ). 


The second method of determining relative mixture ratios 
by means of the torque meter is the conventional dynamometer 
method wherein the fuel flow is set by means of the manual 
mixture control to provide a predetermined specific fuel con- 
sumption based on the brake horsepower developed. For accu 
racy, of course, this method requires the use of an accurate 
tachometer or revolution counter to indicate the correct rpm, 
and further requires some accurate means for determining the 
fuel flow, which can be either an accurate flowmeter, or an 
actual fuel-weighing device, the latter being the most accurate. 

The torque meter, therefore, does provide us with means 
for accurately controlling both brake horsepower and fuel-air 
ratio, and this we know by definition provides us with the 
means for obtaining precision power control. However, we 
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should remember here that we already have means for pro 
ducing approximate power control without a torque meter, 
and so the problem simmers down to the question concerning 
whether or not we want or need laboratory precision in airline 
operation and, if the answer is yes, what are we willing to pay 
for this precision. 

In making this evaluation we also must take into account 
that, besides providing us with accurate power control, torque 
meter power control probably will be simpler in many cases 
than is current technique. This is a separate advantage which 
eventually may be of considerable importance. However, we 
first will consider what the improved accuracy of the torque 
meter control can do to improve operating efficiency, and try 
to discover who will benefit by such improvement. 

With regard to improvement in efficiency, we need only to 
remind ourselves that, by definition, precision power control 
means precision efficiency control. This statement means that, 
with a torque meter, all operators may operate at optimum 
preselected efficiencies. It is further reasonable to anticipate 
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Fig. 5—This typical calibration, showing the relationship of 
torque-meter horsepower to dynamometer horsepower, illus- 
trates the precision of the instrument 


the greatest potential improvement in efficiency in the range 
of power where we have the least accuracy with current 
equipment, and we know that this condition prevails in the 
power range where we use best-economy mixture ratios. Ret 
erence to Fig. 6 illustrates this point. Notice that power is 
relatively independent of changes in mixture ratio in the best 
power range. In this range also current mixture-ratio indi 
cators of the exhaust-gas-analyzer type have good accuracy. In 
the best-economy range power varies rapidly with changes in 
mixture ratio, and the mixture-ratio indicators begin to reach 
the end of their accurate range. This allocation of potential 
improvement immediately suggests who will be most likely to 
benefit by the use of a torque meter. 

The major portion of airline operation consists of cruising 
flight. Cruising flight can itself be divided into two gen 
eral classes: 1. long-range cruising and 2. intermediate-range 
cruising. 

In the case of long-range flight, the fuel consumption di- 
rectly affects the payload. In intermediate-range flight, payload 
is more or less independent of fuel consumption while sched- 
uled time is of importance. Long-range flight must be per- 
formed at or near best miles per gallon conditions, both as 
regards air speed and engine and propeller efficiencies. In the 
case of intermediate-range flight, we deliberately sacrifice some 
operating efficiency in order to operate at higher speeds. Long- 
range cruising requires less power and should be performed 
at best-economy mixture ratios. Intermediate-range flight 
requires higher powers and probably will be done at or near 
best-power mixture ratios. We know further that engine 
power outputs are much more consistent and predictable at 
best-power mixture ratios than they are at best-economy 
mixture ratios. It is obvious, therefore, that the operator who 
will benefit most by precision power control is the one who is 
engaged in long-range cruising operation, for two reasons: 
1. because long-range payload is influenced directly by operat- 
ing efficiency and 2. because intermediate-range power control 
is currently fairly accurate because of the more consistent and 
predictable power-output characteristics in the best-power 
mixture-ratio range. Another way of saying this same thing 
would be to say that an operator who is already cruising at or 
near best power-mixture ratios probably will have little or 
nothing to gain in actual operating efficiency by the additional 


precision power control which a torque meter would afford, 
whereas the operator who is using best-economy mixture ratios 
for the purpose of carrying maximum payloads on long-range 
fights will be the most likely to realize an improvement in 
operating efficiency by the use of a torque-meter power control. 

However, even in the case of long-range cruising operation, 
the exact amount of benefit which can be realized by the use 
of torque-meter power control is not determined easily and, in 
many cases, it is even doubtful that the use of torque meters 
will pay dividends. There are three principal reasons for this 
uncertainty which are as follows: 

One of the principal misconceptions concerning the use of 
torque meters is the idea that the torque meter will eliminate 
all guess work from airline operation. Unfortunately, this 
belief is only partially true. The very name of the device, that 
is, “torque meter,” suggests its first limitation. In other words, 
the torque meter can measure torque but cannot predict it. 
When it comes to predicting engine performance, we still will 
have to go back to the use of manifold pressures, carburetor 
air temperatures, mixture temperatures, cylinder temperatures, 
and so on, for arriving at an estimate of what an engine will 
do under varying operating conditions. It is true that the 
torque meter will give us valuable data for refining our esti 
mating technique, but the fact remains that the torque meter 
does not control the engine output under varying operating 
conditions, but merely indicates it. It follows, therefore, that 
since much of operating success, particularly in long-range 
operation, depends upon accurate prediction of performance, 
the use of the torque meter will not necessarily solve all of the 
operating troubles caused by power control deficiencies, be 
cause the torque meter does not eliminate the necessity of 
estimating performance, nor does it directly assure us that we 
will realize our estimated performance. The torque meter will 
tell us how nearly we realize any predicted performance upon 
which we have based our operations, but it can not always 
help us if we fail to obtain the predicted performance. The 
torque meter will not necessarily make an airplane fly any 
faster nor any more efficiently, but it will tell us definitely 
what the power and specific fuel consumption is, which infor 
mation may or may not be a consolation. 

The second reason why a long-range operator may not 
realize any improvement in operating efficiency by the use of 
a torque meter lies in the fact that, if he already is operating 
in the range of minimum specific consumption, that is, en 
gines operating on mixture ratios just short of the cutting-out 
point, the use of a torque meter will not result in any im 
proved efficiency. Under such conditions, the operator may 
not now know exactly what either his specific fuel consump 
tion or his brake horsepower is but, by maintaining his pre 
selected optimum air speeds and by operating his engine in 
the minimum-specific-consumption range, he automatically is 
providing all the horsepower he needs and, at the same time, 
is operating the engine near the point of maximum thermal 
efficiency. The use of a torque meter will then only give him 
more accurate figures to write on his log sheet, but will not 
enable him to carry any more payload. In fact, in such a case, 
there may be an actual payload penalty because of the added 
weight chargeable to the torque-meter installation. 

The third reason why it is problematical whether or not a 
long-range operator will gain by the use of torque meters is 
related to the preceding two reasons and concerns the reserve 
fuel usually carried on a long-range flight. The fuel quantity 
taken on board for a long-range flight is based on predicted 
performance and usually includes a generous safety reserve 


which may be as high as 20 to 25% of the predicted consump 


tion. The major portion of this reserve is carried to take care 
of adverse wind or weather conditions, and completely over- 
shadows the deviation from estimated consumption which 
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may be introduced by lack of precision power control. It 
usually will be found that, it a long-range operator is operat 
ing with good equipment and employing careful current 
technique, improvements in operating efficiency, due to more 
accurate power control, usually will net less than 5%, and 
probably only 1 or 2% reduction in fuel load, which is only a 
small portion of the reserve fuel load carried to take care of 
adverse weather. However, a i or 2% reduction in fuel load 
is well worth going after, but the point to understand here is 
that the operator must be sure that he is going to get this 
improvement before he is justified in reducing his fuel load. 
And, if he does not reduce his fuel load, torque-meter control 
will not enable him to carry more payload in spite of its 
precision. 

To get back to our original problem, therefore, we may 
conclude in general that the long-range operator is the only 
one who probably will realize any appreciable improvement in 
operating efficiency by the use of the torque meter, and even 
he must survey carefully his present operations to ascertain 
whether or not he already is operating so near maximum 
efficiency that the addition of the torque meter will not pro 
duce any benefits. 

So far, we have discussed only the possible improvement in 
operating efficiency made possible by the torque meter. The 
torque meter, as mentioned before, may be used to provide 
simplified power control technique which, although it may 
not actually improve the flight efficiency, may be desirable 
because of the lesser effort and attention required by the 
operating personnel. 

There are, in general, four different types of cruising flight 
power control which are as follows: 


1. Constant rpm operation with constant manifold pressure. 
2. Constant rpm operation with varying manifold pressure. 
3. Variable rpm with constant manifold pressure. 
4. Variable rpm with variable manifold pressure, usually 
along a propeller load curve. 


At present, if the operator wishes to relate any of his results 
to power output (which is necessary if, for instance, he wished 
to control specific consumption by means of a fuel flowmeter) 
he has to consult various altitude power curves which usually 
define engine power outputs as functions of manifold pressure, 
rpm, carburetor air temperature, altitude, ram, and mixture 
ratio. The actual manipulations required, therefore, are quite 
considerable, and the use of the torque meter will result in 
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considerable simplification of effort. The four power-control 
methods could be revised when using the torque meter to be 
as follows: 


1. Constant rpm with constant torque. 

2. Constant rpm with variable torque. 

3. Variable rpm with constant torque. 

4. Variable rpm with variable torque along propeller load 
curve. 


Translating these operating power-control methods into 
terms of torque has the additional advantage that we can tie 
our operation in with engine bmep (brake mean effective 
pressure) characteristics, since engine torque bears a fixed 
relation to bmep, which provides us with an engine loading 
index and also an index of best possible specific fuel consump 
tion for each type of operation. 

Fig. 7 shows the relation between specific consumption and 
engine bmep with maximum economy mixture ratios. We 
can tell at a glance from this curve exactly what each type of 
operating technique is capable of producing in the way of 
specific fuel consumption. The most significant indication is 
that the constant bmep operation provides the best possible 
specific fuel consumption over the range of cruising power. 
Bmep is further a good index of load conditions within the 
engine and also is related closely to detonation phenomena. 
It is, therefore, a function which must have empirical limits 
for reasonable engine life. Keeping in mind, therefore, the 
bmep-specific fuel consumption relation, and the bmep-engine 
life relation, we can see readily that a torque meter will enable 
us to operate at the optimum bmep value for both considera- 
tions by reference to one control function only, that is, torque, 
which will be very simple to do in actual flight operations. 

The fact that maximum engine economy is obtained by 
operating at constant maximum bmep as indicated by Fig. 7 
opens up the interesting possibility of using the torque meter 
to provide automatic power control by connecting the torque 
meter to the throttle by means of suitable apparatus. This 
hook-up in conjunction with some form of automatic carbu- 
retion would provide completely automatic long-range cruis- 
ing-power control which would require no manual adjustment 
in flight to take care of variations in atmospheric conditions. 
Of course, constant-bmep operation, although it produces max- 
imum engine economy, will not always, at the same time, 
produce maximum overall engine and propeller efficiency, 
unless the propeller also is selected carefully to fit the particu- 
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lar application involved. Even with the best coordination of 
propeller efficiencies and engine bmep characteristics, it is 
probable that best miles per gallon operation will require some 
decrease in engine torque setting toward the end of a long 
range flight to maintain maximum miles per gallon perform- 
ance*®, A deviation of this nature, however, could be handled 
easily as an empirical adjustment, since such adjustment only 
would be required once or twice during each long-range flight. 

Further details concerning the power-control simplification 
which the torque meter would afford, could be discussed here, 
but we probably have demonstrated enough already to empha- 
size that this feature of torque-meter power control alone may 
be worth the additional weight, expense, and installation com 
plication involved by the addition of the torque meter. 

We now have reviewed the advantages which might be 
gained by the use of a torque meter for airline power control. 
In order to arrive at a better final evaluation, we must con- 
sider some of the problems and drawbacks involved in the use 
of the torque meter. 

In the first place, the torque meter will add from 10 to 50 |b 
to an engine, including the indicating equipment. If increased 
payload is the objective, this increase in weight must be kept 
in mind when evaluating the payload increase which it is 
hoped will be realized by the use of the torque meters. In the 
case of long-range cruising flight, it probably will be necessary 
to be sure of an improvement in operating efficiency of at least 
1% to 2% to make it worth while to carry this additional 
weight. 

If it were possible to remove some other instruments when 
the torque meter is installed, it would be possible to compen 
sate somewhat for the weight increase, but it is rather improb 
able that any such weight reduction would be realized be 
cause the long-range operator who has most to gain probably 
would augment his torque-meter installation with specially 
accurate instruments including accurate tachometers and fuel 
flowmeters. This consideration brings up the question of 
associated instrumentation, which is important. 
~ 8 For more complete discussion of the relation between bmep and cruis- 
ing efficiency, see Transactions, Vol. 34, March, 1939, pp. 97-103: 


“The BMEP Parameter for Cruising Power Control,” by R. E. Johnson 
and W. G. Lundquist. 
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Fig. 7—From this relation between specific fuel consumption 
and engine bmep with maximum-economy mixtures, can be 
determined exactly what each type of operating technique 
is capable of producing in the way of specific fuel consump- 
tion — Compression ratio, 6.8:1, non-detonating fuel 


If we are after improved operating etliciency, then we must 
bear in mind that torque-meter power control is only as accu 
rate as are the supplementary instruments used with the torque 
meter. It will not profit an operator much to install an accu 
rate torque meter and then, in conjunction with it, use a 
tachometer having 50 rpm graduations and an uaknown cali 
bration; an inaccurate fuel flowmeter; or an inaccurate or 
inadequate torque indicating instrument. If only simplifica 
tion of operating technique is desired, then the operator may 
use his discretion concerning the accuracy required in the 
associated instruments. 

As far as the engine manufacturer is concerned, he has two 
main objections to incorporating torque meters in his engines. 
The first objection is that the torque meter is an additional 
device interposed in the power chain of the engine and, there 
fore, is susceptible to malfun-tioning as are all mechanical 
contrivances. In this respect, however, the torque meters hav« 
indicated themselves to be reasonably free from inherent 
troubles, so the engine manufacturer is not particularly appr« 
hensive about this phase of the problem. The second objection 
which the engine manufacturer has to the use of torque meters 
is that it complicates his experimental test program. This con 
dition is particularly true inthe case of the larger engines 
where much more careful analysis of the engine and propelle: 
vibration characteristics must be made. At present, ever) 
engine model must be checked out in conjunction with ever) 
possible propeller combination to determine the vibration char 
acteristics of the combination as they affect propeller stresses 
This engine and propeller vibration study is in addition to th: 
usual endurance testing which the engine manufacturer must 
conduct, and is becoming a major item in any development 
program, since there are so many combinations of propellers 
and reduction-gears ratios which are desired with each engine 
model. The advent of the torque meter will multiply this 
phase of the engine and propeller manufacturers’ test program 
by two which, at the moment, is not a pleasant thing to con 
template. The engine manufacturer, therefore, would prete: 
that either no torque meters at all were used, or that torquc 
meters were added as standard equipment on everything 
rather than face the testing involved in supplying engines both 
with and without torque meters. It is further reasonable to 
anticipate that the expense of this testing will be reflected in 
the cost of both propellers and engines. 

The engine manufacturer, on the other hand, would realiz« 
some advantages in production if torque meters came into 
general use. At present a great deal of the production testing 
requires dynamometer operation and the amount of dyna 
mometer equipment that an engine manufacturer can afford 
to install and operate satisfactorily is limited. With a torque 
meter, an engine becomes its own dynamometer and the pro 
duction dynamometer test results could be obtained on pro 
peller stands by use of controllable-pitch test clubs. 

The engine manufacturer also would welcome the elimina 
tion of field arguments concerning power outputs and specific 
fuel consumptions, which elimination the torque meter might 
effect. These two engine characteristics have been a most 
prolific source of controversy. 

In conclusion, then, we can sum up by saying that the 
torque meter, as of this date, is an available instrument of 
demonstrated accuracy which can provide airline power con 
trol with laboratory precision and simplified technique. The 
question concerning whether or not the airline operators adopt 
the torque meter as a power control device is one for the 
operators to settle. The author has attempted to present an 
impartial discussion of the principal phases of the general 
problem to assist the operators in evaluating the possible bene 
fits they individually might achieve by the use of torqu 
meters. 
































F R Research Method of Tests for 


nock Characteristics of Motor Fuels 


Developed by the Cooperative Fuel Research Committee 


Issued, 1932’: 


1. Scope —- This method of test is intended for determining 
(for research purposes only) the knock characteristics, in 
terms of an arbitrary scale of octane numbers, of gasoline and 


equivalent fuels for use in spark-ignition engines. 


2. CFR Research Octane 


Number — The CFR Research 
octane number of a fuel is the whole number nearest to the 
percentage by volume of iso-octane (2, 2, 4-trimethylpentane ) 
in the blend of iso-octane and normal heptane which the fuel 
matches in knock characteristics when compared by the pro- 
cedure specified herein. 


3. Apparatus —- The knock-testing unit, as described in this 


section, shall be used without modification tor determining 
CFR Research octane numbers. This unit shall consist of the 
CFR continuously variable compression engine together with 
suitable loading and accessory equipment mounted on a base 
plate. The complete description of the apparatus, including 
the modifications which distinguish it from the unit used for 
determining ASTM octane numbers (ASTM Designation: 
ID 357-38 T) is described in Appendix A. 


4. Reference Fuels 


a. Primary Reference Fuels — The primary reference fuels shall be iso- 


octane (2, 2, 4-trimethylpentane), and normal heptane. Only primary 
reference fuels certihed by the National Bureau of Standards, and supplied 
by manufacturers designated by the ASTM shall be used.* 

b. Secondary Reference Fuels— To insure a greater degree of repro 
ducibility in testing, it is preferable to use certified secondary* reference 
fuels which have been calibrated against the primary reference fuels on a 
large number of engines. The calibration shall be expressed in terms of 


the octane-number scale; shall be based on results by this method from 


See SAE Journal, Vol. 29, August, 1931, pp. 164, 165, 168: “Tentative 
Recommended Practice for Conducting Antiknock Tests;’’ see also SAF 
fransactions, Vol. 28, March, 1933, pp. 105-120: ‘“‘Antiknock Research 
Coordinates Laboratory and Road Tests,” by C. B. Veal, H. W. Best, 
J. M. Campbell, and W. M. Holaday 


2 At present (March, 1939) the sole authorized manufacturer of the CFR 
engine is the Waukesha Motor Co., Waukesha, Wis. Other manufacturers 
may be approved in the future, but testing laboratories should 
chase knock-testing units except from the Waukesha Motor Co 
ascertaining whether such units have been approved. 
connection should be directed to C 
Fuel Research Committee, 


39 St.. New York, N. \ 


not pur 
without 
Inquiries in this 
B. Veal, Secretary of the Cooperative 
Society of Automotive Engineers, 29 West 


At present (March, 1939), certification is based on the specifications 
shown in Appendix C and the designated manufacturers are: 

Iso-octane. Rohm & Haas Co., 222 West Washington Sq., Philadel 

phia, Pa 

Normal Heptane. California Chemical Co., 405 


Lexington Ave 
New York, N. Y. or Newark, Calif 


‘Such secondary reference fuels are obtainable from the Standard Oil 
Development Co., Elizabeth, N. J., with calibration tables as determined 


in accordance with this method, giving CFR Research octane numbers for 
these fuels blended with each other. 


June, 1939 ? 


Revised. 1939. 


at least ten laboratories; and shall be certified by the National Bureau of 
Standards (Note 1). 

Note 1—For the present this certihcation is based on tests made by 
members of the Motor Fuels Division of the CFR Committee on samples 
from each batch of secondary reference fuels, and on blends of such 
secondary fuels against blends of iso-octane and normal heptane. A cer 
tihcate 1s then issued to the producers authorizing them to guarantee to 
the purchasers that the material shipped is part of a batch so tested, and 
to quot the results of the tests. 


5. Standard Operating Conditions — The engine shall be run 
under the following standard conditions: 


a. Engine Speed — Constant, 600 © 6 rpm. 
b. Jacket Temperature —Constant within + 1 F (0.6 C) and at 
temperature between the limits of 209 and 215 F (98 and 102 C). 

Note 2 — For routine testing at barometric pressures lower than 28.5 in. 
hg an ethylene-glycol solution may be used to maintain standard jacket 
temperature. Such practice is not approved as complying with th 
quirements of this method. 

c. Spark Advance — Fixed at 13.0 deg 


5- 


a 


advance, for all compression 
rauios. 


d. Intake Air Temperature — The intake air temperature shall be 


il main 
tained at 125 © 2 F (51.7 © 1.1 C). 


e. Carburetor Adjustment — The carburetor shall be adjusted for maxi 
mum knock. The fuel-level reading for maximum knock shall be be- 
tween 0.8 and 1.8 in. To meet this requirement it may be necessary to 
change the size of the carburetor jet. 

f. Bouncing-Pin Assembly —The gap setting shall 
and 0.005 in. (Note 3). The sensitivity at 70 Research octane number 
shall not be less than four scale divisions of the knockmeter per 
number, and the fluctuation in knockmeter divisions whik 
being made shall not exceed 20% of the sensitivity. 

Note 3—A correct setting shall give a 55 to 60 knockmeter reading 
for a blend of reference fuel of 70 Research octane number under stand- 
ard conditions (see Section 7). 

When fuels above 82 Research octane number 


be between 0.002 


octane 
readings ar 


are being tested, the 
correct setting also shall result in the same reading for a blend of refer 
ence fuels of go Research octane number at 6.70 © 0.20:1 compression 
ratio corrected for barometric pressure (see Section gb). 

g. Standard Knock Intensity — Standard knock intensity shall be that 
obtained with a blend by volume of 70% iso-octane and 30% normal 
heptane under the standard operating conditions of this method at a 
compression ratio of 5.75:1 and a barometric pressure of 29.92 in. (76« 
mm) of hg (see Section 7). 

h. Clearance Volume — The clearance volume measured to the top fac 
of the bouncing-pin hole shall be 140 © 0.5 ml with the engine at top 
dead-center and with a 5.5:1 compression ratio (Note 4). At this volume 
the micrometer should be set to read 0.500 in. 

Note 4—The use of rebored cylinders is not approved as complying 
with the requirements of this method but, when rebored cylinders are¢ 
used for routine testing, this clearance volume becomes: 


140.8 = o.5 ml for 0.01 in. oversize, 


141.6 = 0.5 ml for 0.02 in. oversize, and 
142.5 to.5 ml f 3 T 
42.5 = 0.5 @ or 0.03 1N. OVersiZze. 
1. Compression Pressure — At a compression ratio of 5.7521 corrected 
for barometric pressure (see Section 7), the compression pressure shall bx 
145 + 2 |b per sq in. absolute (130 £ 2 Ib per sq in. gage) and, at a 


compression ratio of 6.70:1 corrected for barometric pressure (see Section 


gb), it shall be 175 = 3 lb per sq in. absolute (160 + 3 Ib per sq in. 
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j}. Breaker-Point Clearance — 0.020 in. 

k. Spark Plug — Gap setting, 0.025 in. 

1. Valve Clearances, Cold — Intake 0.008 in., exhaust 0.010 in. 

m. Crankcase Lubricating Oil—SAE 30 (Note 5). 

Note 5 — The viscosity range of crankcase lubricating oil, SAE 30, is trom 
185 to 255 sec when determined on the Saybolt Universal viscosimeter at 
130 F (54.4 C), in accordance with the Standard Method of Test for 
Viscosity by Means of the Saybolt Viscosimeter (ASTM Designation: 
D 88) of the American Society for Testing Materials.’ 

n. Oil Pressure — 25 to 30 lb per sq in. under operating conditions. 

o. Oil Temperature — The electric oil heater shall be used only to raise 
the oil temperature rapidly to the equilibrium operating temperature, 120 
to 150 F (49 to 65 C), normal operation maintaining the equilibrium 
thereafter. By “equilibrium” is meant that steady temperature attained by 
the oil upon continuous operation of the engine without the use of the 
heater. 


p. Cooling Liquid — Distilled water or rain water. 


. 


Procedure 


6. Starting and Stopping the Engine — After the carburetor 
is set to draw fuel from one float bowl and while the engine is 
being cranked, the ignition shall be turned on. To stop the 
engine, the fuel and ignition shall be turned off, and then the 
electric motor stopped. To avoid corrosion of valves and seats 
between operating periods the engine shall be rotated by hand 
until both valves are closed. 


7. Standard Knock Intensity - With engine temperatures in 
equilibrium, the proper knock intensity for determining Re 
search octane numbers shall be that obtained with a blend by 
volume of 70 parts of iso-octane and 30 parts of normal hep 
tane (Note 6) at a compression ratio of 5.75:1 when testing at 
the barometric pressure of 29.92 in. (760 mm) hg and with 
the carburetor set for maximum knock. For other barometric 
pressures not less than 28.5 in. (724 mm) hg (Note 7), the 
compression ratio shall be that obtained from the following 
formula: 


COR: B) 0.16 


5-75 + (29.92 
Where 
C. R. = the compression ratio, and 
B = the barometric pressure in inches of mercury, “measured by 
a brass scale corrected to a 28.5 F 
(— 1.95 C).”” 
Note 6—A blend of certified secondary reference fuels equivalent by 
this method to a blend of 70 parts of iso-octane and 30 parts of normal 
heptane may be used. 


temperature ol 


Note 7— For routine testing at barometric pressures less than 28.5 in., 
standard compression pressure may be approximated by appropriatcly 
increasing the effective intake pressure. This may be done by enlarging 
the venturi or by supercharging. The compression ratio for standard 
knock intensity shall be that defined above, substituting ‘‘effective intake 
pressure” for “barometric pressure” in the equation. 


8. Adjusting the Bouncing Pin — For inspection and pre 
liminary adjustment in accordance with the manufacturer’s 
instructions’ the bouncing pin- shall be removed from the 
engine. Inspection shall be made to see that the contact points 
are smooth, that all connections are tight, and that the dia- 
phragm is gas-tight (a test under 200 lb per sq in. gage is 
sufficient). After preliminary adjustment of the spring ten- 
sions and gap of the bouncing-pin assembly, the pin shall be 
replaced in the engine for final adjustment. With the engine 
operating at standard knock intensity and with the prescribed 
bouncing-pin gap and sensitivity, the knockmeter reading shall 
be 55 to 60. To accomplish this, it may be necessary to alter 
the gap and spring tensions slightly. 


5 See 1938 Supplement to Book of ASTM Standards, p. 148 


6B R’ — 0.00009 B’ (?’ 28.5) 
Where B’ = the observed barometric pressure, and 
t’ = the observed temperature of the barometer, F 
7See “ASTM-CFR Knock-Testing Unit—Care and 
able from the Waukesha Motor Co., Waukesha, Wis. 


Operation,”’ avail 


procured from the 


5 “One-degree’”” benzene may be Barrett Co., 40 
zs 


Rector St., New York, N. 


*See 1937 Supplement to Book of ASTM Standards, p. 121. 


g. Check of Test Conditions 


a. Engine and test conditions shall not be regarded as correct unless a 
blend ot of one-degree benzene and 37% of normal heptane 
matches a blend by volume of 70 © 0.3% iso-octane and 30 4 0.3% 
normal heptane under the procedure specified in this method. If this 
match cannot be obtained under standard conditions by adjustment of the 
bouncing pin, the mechanical condition of the engine shall be checked 

Note 8 — For routine checking purposes, a certified blend of one-degre¢ 
benzene and secondary reference fuels of 70 Research octane number 
be used. 

Note 9 
to the following requirements: 


c OF 
03% 


ma 


“One-degree” benzene’ is a commercial product conforming 

a. Boiling range not greater than t C 
ot chemically pure benzene. 

b. Specific gravity of from 0.882 to 0.886, when determined in ac 
cordance with the Standard Method of Test for Gravity of Petro 
leum and Petroleum Products by Means of the Hydrometer 
(ASTM Designation: D 287) of the American Society for Testing 
Materials.” 

c. Free from hydrogen sulfide, carbon disulfide, and thiophene 

d. Free from turbidity, with color not darker than a solution of 
3 mg of potassium dichromate in 1 | of water when compared in 
50-ml Nessler tubes. 


, embracing the boiling point 


b. To make certain that engine and testing conditions are correct 
throughout the testing range, a check shall be made with a reterence-fuel 
blend of go Research octane number. The standard knockmeter reading 
(55 to 60) should be obtained at 6.70 © 0.2:1 compression ratio cor 
rected tor barometric pressure in accordance with the following formula 


C.R. = 6.70 + (29.92 — B) 0.19 
Where: 
cs. the compression ratio, and 
B the barometric pressure in inches of mercury measured by a 


“brass scale,’ corrected to a temperature of 28.5 1 
( Log 4). 

c. For subsequent tests on fuel samples the compression ratio shall be 
set to duplicate the knock intensity as recorded in Paragraph b, using th 
knockmeter as a guide, provided no change has been made in_ th 
bouncing-pin adjustment in the meantime. In no case shall tests be made 
if the engine does not cease firing when ignition is interrupted. 


10. Outline of Test — The Research octane number ot a tuel 


shall be ascertained by comparing the knock intensity for the 
fuel with those of various blends of the reference fuels until 
two blends differing in knock rating by not more than two 
numbers are found, one of which gives a higher knock inten 
sity than the fuel and the other a lower knock intensity. The 
knock intensity shall be measured by the bouncing-pin indi 
cator in conjunction with the knockmeter. Before the test 
sample and the blends of the reference fuels can be compared, 
the compression ratio shall be set to give the proper knock 
intensity for the test sample with the carburetor adjusted to 
give maximum knock. 


11. Adjustment of Compression Ratio and Carburetor 


a. Using the fuel, the rating of which is to be determined, the com 
pression ratio and carburetor shall be adjusted as follows: After one bow] 
of the carburetor has been filled with the fuel sample, the compression 
ratio shall be adjusted to give a knockmeter reading of 55 to 60. (As 
any necessary adjustment will increase the knockmeter reading, time can 
be saved by setting at 55 or, in some cases, even lower.) 

b. The fuel level then shall be 
knock as follows: 

With a setting of the fuel level, for example, of 1.3 in. on the etched 
glass scale, the knockmeter needle shall be allowed to reach equilibrium, 
and readings then recorded for this position. Knockmeter readings shall 
then be obtained and recorded for richer air-fuel 
fuel level by 


adjusted for the position of maximum 


ratios by 
0.1-iIn. increments to settings of 1.2, 1.1, 


raising the 

until the 
knockmeter reading has decreased at least five divisions from the maxi 
mum reading recorded. The fuel level shall then be reset at the position 
for which the maximum knockmeter reading was recorded in the fore 
going, for example, 1.2 in. Starting from this point the same procedur« 
as preceding shall be followed for leaner air-fuel ratios by setting in turn 
at 1.3, 1.4, ... until the knockmeter reading has decreased at least five 
divisions from the maximum reading recorded. The fuel level shall now 
be set at the position for which the maximum knockmeter reading ha: 
been obtained and recorded or between the two positions for which th« 
same maximum reading was obtained, for example, 1.25 in. This i: 
the position for maximum knock, but it shall be verified at least once 
by settings at levels 0.1 in. on either sick 
both 1.15 and 1.35 in. 


; in the example just taken, at 
If, perchance, the attempted verification indi 
cates, because of higher knockmeter readings at one of these positions, 
that the setting for maximum knock ts in error, the procedure shall be 
For each setting of the fuel level that is used, the knockmeter 


repeated. 
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needle shall be allowed to reach equilibrium before readings are 1 

c. Finally, the compression ratio shall be adjusted to give a knock 
meter reading of 55 to 60. This setting of the compression ratio should 
be left unchanged for the remainder of the test 


corded 


12. Reference Fuels 


a. A trial blend" of low and high-octane reference tuels, based on the 
expected knock rating of the fuel sample under test, shall be placed in 
another carburetor float bowl, and the engine run on this trial blend. 
The level of this float bow! shall then be adjusted to the maximum knock 
position in a manner similar to that described in Section 11. 

b. By comparing the knockmeter reading with that obtained for the 
test sample in Section 11, a second blend of reference fuels differing from 
the first by not more than two numbers shall be placed in the third 
bowl, and the float bow! set at the level for maximum knock. Thes« 
reference-fuel blends shall be chosen so that the knockmeter reading for 
the test sample lies between those for the reference-fuel blends. 

c. When changing fuels in the 
shall be drained completely by 
tion of the new fuel 


containers and fuel system, the fuc 
means of the drain cock A small por 
allowed to flow through the line befor 
closing the drain cock. Air bubbles in the line are indicated by fluctua 
tions in the fuel level. They shall be eliminated by flushing fuel through 
the drain cock after it has filled the carburetor 
this the drain cock shall be 


shall be 


float bowls. In doing 


opened and closed rapidly, and care shall 
be taken not to permit the level of the fuel to go below the range of 
the sight glass 
13. Determination of Rating 
a. With the float bowls set at the air-tuel ratios tor maximum knock, 
series of readings of knock intensity shall be taken on the test sampl 


and on the two referenc« 
shall be allowed to reach 
b. The test sampl 


fuels. In each knockmeter needle 
equilibrium before the reading is recorded. 

shall be bracketed between the two blends of ret 
erence fuels at least three umes, as determined by knockmeter readings. 
(A simple procedure tor doing this is to record 
reference fuel, the test fuel, the first reference fuel, the test 
second reference fuel, the test fuel, the first reterence fuel.) In 
changing from one of these fuels to another, at least 1 min shall be al 
lowed for the engine and knockmeter to reach equilibrium. With some 
fuels an appreciably longer time 


case the 


readings in order for 


the second 
fuel, the 


interval may be required 


Octane Number 


14. CFR Research Octane Number — The knockmeter read 
ings obtained in Section 13 shall be averaged for the test 
sample and tor each of the reterence-fuel blends. The Re 
search octane number of the test sample shall be obtained by 
interpolation from the averages so obtained, and the nearest 
whole number reported as the Research octane number. When 
the interpolated figure ends with 0.50 the nearest even number 


shall be reported, for example, 68.5 shall be reported as 68 and 
not O69. 


(5. Reproducibility of Results —- Results obtained by this 
procedure with different CFR engines and in different labora 
tories should differ by not more than two numbers. Although 
this is the accuracy of the Research octane number obtained by 
rating an unknown sample against reference fuels, the sensi 
tivity ot the test method will permit detection of differences as 
small as 0.2 number between two test samples of similar char 
acteristics by comparing them directly with each other. 


16. Comparison of ASTM and Research Octane Number 
When the Research octane number of a fuel is compared with 
its ASTM octane number (ASTM Designation: D 357-38T), 
the differences between the two numbers shall be computed 
from the respective measured values rather than from the 
nearest whole numbers. In general, a greater degree of accu 
racy for this difference will be obtained by determining both 
the ASTM and Research octane numbers on the same engine, 
one immediately after the other. 


Appendix A 


Apparatus — The apparatus used in this method differs from 


that used for determining ASTM octane numbers in that 


‘© Extreme care is required to insure thorough mixing of the ingredients 
ill blends used in this test 


procedure 
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279 


t. the mixture-heater assembly and throttle plate are removed; 
2. the intake silencer is replaced with an air heater and 
silencer; 3. the automatic spark control linkage is discon 
nected; 4. the synchronous motor is connected to the CFR 
engine by means of a V-belt drive, the pulleys of which are so 
proportioned as to maintain the normal speed of the motor 
with an engine speed of 600 rpm. Important specifications are 
as follows: 


a. Engine — Continuous!\ 


as follows: 
Compression-ratio scale 


variable compression, 1-cyl, with dimensions 


4 to It 

Bore, in. 3.25 
Stroke, in. : 4.5 
Displacement, cu in. 37.4 
Valve-port diameter, in 1.187 
Connecting-rod bearing 

diameter, in. 2.25 

length, in. 1.625 
Front main bearing: 

diameter, in. 2.25 

length, in. 2.01 
Rear main bearing 

diameter, in 2.25 

length, in. 4.25 
Piston pin, floating, diameter, in. 1.25 
Connecting rod, center-to-center in. 10.00 
Timing-gear face, in 1.0% 
Piston rings, number 5 
Exhaust pipe, diameter, in. 1.25 


Spark plug, size, mm 18 
Weight of engine, |b (approximate ) 475 
Weight of complete unit, |b (approximate) 1375 
b. Crankshaft — Fully machined, heat-treated, and counterbalanced 
c. Crankcase — Cast iron, with rigid end walls. 
d. Connecting Rod — Rifle-drilled, SAE No. 1045 
bearing alloy cast directly into big end. 
e. Main Bearings 
he Valves 


steel, heat-treated 


Renewable-sleeve bushings, babbitt-lined. 
Silcrome. Inlet valve with specially designed shroud 
Stellited valves and valve-seat inserts optional, but will be included in 


all new units. 

g. Valve Timing —- The checking clearance on both valves shall be 
0.010 in. (for running clearance, see Section 5l). Intake valve open 
10 deg atdc, closes 34 deg abde. Exhaust valve opens 40 deg bbde, 
closes 15 deg atdc. 

h. Push Rods - Mushroom type with lock-nut adjustment 

i. Cylinder —One piece integral with head, cast-iron alloy, bored and 


honed, Brinell hard ne ss 220 = 20. 
}. Cooling System — Evaporative. 
k. Lubrication — Pressure feed to main, connecting-rod, piston-pin and 
camshaft bearings, and to idler-gear stud and gears. 
1. Oil Heater and Thermometer 


operating temperature 


Electric heater in base to bring oil to 
quickly, and a thermometer on_ the 
panel to indicate when equilibrium temperature has 

m. Ignition — Either a coil 
indicator is built into the The spark is fixed at 13 deg advance 

n. Spark Plug —Conforming to the standard metric plug having the 
tolerances and thermal characteristics equal to the No. 8 (A-64-S) spark 
plug furnished by the Champion Spark Plug Co., Toledo, O. 

o. Carburetor — A special CFR multiple-bowl carburetor with fuel con 
tainers is furnished. It has a metering jet for each float bowl, a horizontal 
atomizing jet in the air stream and a venturi with minimum internal 
throat diameter of 0.563 = 0.001 in. Each float bowl is individually ad 
justable for fuel level for varying mixture ratio, the fuel level for a given 


instrument 
reached. 
\ neon-tube spark 


been 
system or a mag nc to. 
engine. 


air-fuel ratio being dependent upon the size of the metering jet. The 
carburetor intake is fitted with an elbow and an intake air heater and 
silencer mounted vertically. 

No intake manifold is used. <A_ polished stainless-steec! heat shield 


with plate upward ts interposed between the carburetor flange and the 
inlet port with a standard copper-asbestos gasket between the 
flange and the heat shield and with a special copper-asbestos gasket, 
0.375 wn. in thickness, between the heat shield and the inlet port. In 
changing over an engine that has been used for the CFR Motor Method 
(ASTM Designation D 357 - 38T) for use with the Research Method, it 
may be necessary to replace the stud bolts with longer ones. 

A special thermometer of suitable ranve shall be inserted in the bass 
of the intake air tube 2'2 in. above the carburetor elbow centerline. It 
shall be horizontal, as provided by the manufacturer, and located so that 
the center of the bulb is on the inlet tube centerline. 
of the intake air is controlled by a suitable 
the intake air heater. 

p. Instruments — Knock intensity 


carburetor 


The temperature 
variable resister in series with 


is measured by a bouncing 
pin in conjunction with a knockmeter. The adjustable-leaf bouncing 
pin is the preferred type. It consists of a cylindrical steel pin 0.218 = 
0.001 in. in diameter, to the upper end of which is fitted a fiber tip, the 
combined length of pin and tp being 7.000 + 
maintained in a_ vertical 


means ol 


O.OTS in. 
engine by 


The pin is 


position on. the two bushings in a 
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hollow barrel. ‘The bottom end rests on a hardened spring-steel dia 
phragm, 0.543 © 0.003 in. in diameter and 0.015 © 0.0005 in. in thick- 
ness, which is locked in the end of the barrel with a hollow nut. At- 
tached to the head of the barrel and suitably insulated are two flat leaf 
springs with contact points immediately above the bouncing pin. Thes« 
springs should be 0.021 = in. in thickness. Adjusting screws 
are provided for adjustment of the spring tensions and gap clearance. 
The knockmeter is a device for integrating the current which flows in 
the bouncing-pin circuit when the contacts are closed by the upward 
movement of the bouncing pin that results from knock. Current is sup- 
plied from a small d-c generator, belt-driven from the power-absorbing 
unit. This current flows through a resistance heating element located 
near a thermocouple. The potential produced at the thermocouple junc- 
tion when current flows through the heating clement actuates the knock- 
meter and produces a continuous indication of knock intensity. 

q. Power-Absorbing Unit— The engine shall be connected to an electric 
generator or power-absorbing unit capable of maintaining an engine speed 
of 600 rpm within + 6 rpm. 


0.0005 


Appendix B 


Inspection and Maintenance of Apparatus —It is recom- 
mended that a systematic inspection of the testing apparatus 
be carried out with the utmost care after not more than 100 hr 
of operation. If, with the knock intensity defined in Section 7, 
these standard test conditions as outlined in Section g cannot 
be maintained, it may be necessary to overhaul the engine after 
less than 100 hr of operation. In the inspection the following 
points shall be emphasized: 


a. Fuel System — Any foreign matter in the fuel containers, float bowls, 
lines, or carburetor shall be removed. (Blowing with air and then flush 
ing the fuel system with gasoline or benzol is a convenient method.) 

b. Bouncing Pin — Lack of sensitivity or fluctuating knockmeter read 
ings may indicate troubles with the diaphragm, contact points, or spring 
tensions. The diaphragm may be leaking or may have deteriorated and 
may need to be replaced. Contact points must be smooth and true. 

c. Breaker Points—If necessary, pits should be removed and _ breaker 
point clearance adjusted, or new points installed. The 
timing shall then be checked and reset if necessary. 

d. Spark Plugs —- The porcelain shall be inspected carefully for cracks, 
and defective plugs replaced. The spark gap shall be checked carefully 
and adjusted if necessary. When plugs are re-used any carbon deposit 
on the metal body of the plug or on the electrodes shall be 
mechanically before making gap adjustments. 

e. Combustion Chamber 
ing. 

f. Piston and Rings — Carbon shall be removed from rings and grooves 
and from both sides of the crown. 

g. Cylinder Wear — Cylinders shall be renewed (or rebored for routine 
testing) when they show a wear of 0.006 in. or lose compression due to 


spark-advanc« 


removed 


Carbon deposits shall be removed by scrap- 


rebored to more than 


being out-of-round. In no case shall cylinders bx 
0.03 IM. OVersize. 

h. Compression Pressure — The cause of any abnormal change between 
inspections shall be investigated and corrected. 

1. Valves— Valves shall be removed and reground unless there is a 
continuous polished line of contact on both the valve and valve seat. Thi 
shrouded inlet valve shall be inserted with the shroud opening towards 
the bouncing pin. Before reassembling, the cylinder shal} be 
with the valves in position and gasoline used to determine 
valves are tight. After reassembling, the 


be adjusted carefully. 


inverted 
whether the 
valve-tappet clearances shall 


}. Valve Guides — The differences in diameter between the 
and their guides shall be 0.0025 © 0.0005 in. for the intake 
~ 0.0005 in. for the exhaust. Valve guides shall be replaced when the 
upper limits of these clearances are exceeded by more than 0.001 in., as 
experience has shown that misalignment may result unless particular at 
tention is given to the maintenance of these clearances. 

k. Cooling System 


valve ste 


and 0.00385 


Any leaks revealed by inspection shall be repaired 


} 


Appendix C 
Specification Re quirements for Iso-octane and Normal 
Heptane 


Iso-octanc 


Normal Heptan 


Minimum Maximum Minimum Maximu 
ASTM. octane number 99.9 100.1 0.2 + 
Density at 68 F (20 C), 
g per ml 0.6918 69201 0.08370 H83g 
Refractive index at 
68 F (20 C) 1.38770 1.287% 
Freezing point" 161.55 I 131.40 |] 
107.52 C) ( 90.78 C) 
Distillation:” 
Femperature ot 
50% recover 210.74 I 209.08 I 209.248 |} 
(99.30C) (98.38 C) gk ( 
lemperature increase 
from 20 to Soe re 
covers o.11 | 0.26 | 
(o.061 C) (0.20 ( 
* By means of the apparatus and method given in Scientific Paper N 


520, National Bureau of Standards, pp. 622-624, except that a_plati: 
resistance thermometer shall be used in place of a thermocouple 
» By distilling 100 ml of the sample 


through a 10-in. jacketed colum 
a platinum resistance thermometer 


being inserted so as to measure the 
condensation temperature of the vapor (see Research Paper N« 12 

Journal of Research, National Bureau of Standards, Vol. 9, pp. 459-461 
1932). Current through the jacket heating coil shall be adjusted so that 
the reflux from the thermometer shall be 5 to 6 drops per min, and the 
still-pot heeater shall be adjusted to cause distillation to proceed at the 
rate of 5 ml per min The temperature shall be corrected to an atmos 
pheric pressure of 760 mm of mercury by means of the equation proposed 
by E. R. Smith (see Research Paper No. 1088, 


Journal of Resear 
National Bureau of Standards, Vol. 20, p. 549 


1938) 


Benefits of Compulsory Vehicle Inspection 


OMPULSORY inspection for all motor vehicles—on a 
periodic basis, using stationary equipment at stations 
operated by the city or state and costing not over 50¢ per 
inspection, paid either by a fee or from general motor vehicle 
funds —is now found in 4 states and at least 12 cities outside 
these states, not including those where all or some of the test- 
ing 1s at private stations. 

The present consensus of traffic and safety men is that 
inspection programs of this general type, if competently ad- 
ministered, are worth while, not as a panacea for traffic acci- 
dents but as part of a general safety program. The benefits 
are: 

1. It improves the general standard of vehicle condition. 

2. It improves the quality of garage workmanship in mak- 
ing adjustments and repairs. 

3. It provides an excellent opportunity for informing drivers 
about the condition of their cars and the personal responsibil 
ity for driving safely when their vehicles have been approved. 

Official inspections of this type must not be confused with 
the more elaborate and thorough inspection systems used vol- 
untarily by commercial fleets to insure proper maintenance 


and reduce operating costs as well as to help prevent accidents. 
This type of inspection costs more and is worth more. Its 
recognized value does not either prove or disprove that the 
cheaper type of official inspection is worth its lower cost as 
applied to the general public. Each system stands on its own 
merits. 

It seems idle to speculate whether compulsory public inspec 
tion should, or ever will, develop to the higher standards and 
higher costs of private fleet inspection. As yet there is no 
noticeable trend in that direction. 

The existence of these two systems side by side raises the 
puzzling question whether trucks subject to rigorous private 
inspection also should be subject to public inspection. Theo 
retically, no; the practical difficulty is in determining just what 
fleets are actually imposing on their own vehicles standards at 
least as high as those fixed by statutes. This will have to be 
worked out as an administrative problem. 

Excerpt of paper: “Compulsory Vehicle Inspection from the 
Safety Viewpoint,” by Sidney ]. Williams, National Safety 


Council, presented at the Annual Meeting of the Society, 
Detroit, Mich., Jan. 9, 1939. 














Passenget-Car Road Noise 


By Ernest E. Wilson and Paul Huber 


General Motors Proving Ground, General Motors Corp. 


HE authors intreduce their paper by outlin- 

ing the various sources of noise existing in the 
motor car, together with some of the suppression 
means. Noise measurement, test methods, and 
the mechanism of the transmission of forces gen- 
erated by the contact between the tire and the 
road to the body and frame are discussed. The 
authors state that, since these forces produce mo- 
tion and deflection of the body, they are responsi- 
ble for the road noise, and conclude that the 
proper approac ‘+h to a method for suppressing road 


noise is through the structural design of the 
vehicle. 


They suggest, in the main, 
stress to stress members. 


the localizing of 
the raising of the reso- 
nant frequencies of the structure, the detuning of 
the suspension system, the body, and the frame, 
together with some isolation at selected points. 


HIS discussion has to do primarily with noise problems 
in automotive vehicles. Therefore, it first should be 
pointed out that most automotive engineers hopefully 

try to regard these noise problems as waits, inadvertently left 
on their doorsteps, which belong to the other fellow’s problem. 

One reason for this attitude has been the difficulty in ob 
taining accurate and quick measurements of noise. Another 
reason is the nebulous character of these problems since noise 
is something which cannot be seen nor held in the hands. A 
third reason for this attitude is the difficulty in interpreting 
the noise measurements in terms of the physiological reaction. 

Perhaps it will be helpful first to outline and classify certain 
major components of the general noise problem. First, there 
is the problem of noise sources; second, there are the methods 
of measurements; and, third, there are the problems of noise 
suppression. With these three major items as a beginning, a 
more complete outline may be prepared. 

- Noise Sources 
\. Powerplant Source 
distortion 


1. Unbalanc« 5. Structural 


Torsional vibration 6. Exhaust 
2. Resonant bending of rotating >. Intake 
shafts 8. Fan 
1. Impact noise 9g. Torque reaction 
B Road 
t. Road inequalities a. "Fas 
{This paper was presented at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 12, 1939.] 


ie Wind 
1. Body cavity 
2. Jet (flow through smal! 
openings) 


resonancs Projections 


D. Body — chassis 


1. Squeaks and rattles 2. Impact 


Il. Measurement and Test 


A. Instrumentation 


1. Noise meters 3. Vibration indicators 


a. Objective a. Electrical 
b. Subjective b. Mechanical 
2. Analyzers 4. Calibration and physiolog 


cal correlation 
B. Test Condition 


1. Test roads 2. Laboratory 
a. Brick a. Chassis dynamometer 
b. Concrete b. Engine dynamometer 
c. Asphalt c. Model tests 


III. Suppression Means for Sources Tabulated in I. 


A. Powerplant 
1. Balance 6. 
2. a. Balancers 7 


Exhaust silencers 
. Intake silencers 
b. Dampers 8. a. Speed 

c. Increased stiffening b. 


Blade spacing 
a. Balancing 


c. Elimination of obstruc- 
tions 

. Shape of blades 

Isolation 


b. Increased stiffening 
4. a. Smaller clearances d 
b. Lower accelerations 9. 
5. a. Localizing 


members ) 


Stresses (stress 


Lb. Road 
1. a. Structural design 2. Tread design 
b. Isolation 
C. Wind 
1. Body shape 3. Elimination of projecting bits 
2. Seals 
1). Body chassis 


1. a. Structural materials 


2. Damping materials 
b. Clearance 


The foregoing outline very briefly indicates some ot the 
most potent sources of noise. Each of these sources of noise 
and vibration and the methods of suppression at the source 
could be the subject for long individual’ discussion and pres 
entation. This paper will be confined to the road-noise prob 
lem and measurement methods. 


Test Methods 


The first problem in connection with road noise is the 
selection of the road for test purposes, since tests must be 
made on the road. A test set-up can be made on a chassis 
dynamometer which oftentimes will be very useful, but such 
a test set-up must be correlated with road tests. When road 
induced noise is the specific problem, a road with small 
closely spaced inequalities is essential together with a smooth 
road for comparisons. The usefulness of a particular road for 
noise-test purposes must be determined by the accuracy with 
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Fig. | — Results of repeat tests for noise level on cobble- 
stone road at 30 mph show the discrepancies among four 
observers and the deviation between two noise meters 


which tests can be repeated. Each test should consist of the 
average of a large number of readings, taken at designated 
points over a considerable stretch of road. Single readings at 
random points are not reliable. The road surface must be of 
the type that will remain uniform from day to day. It must 
not vary greatly depending on the path the vehicle follows 
since it is impossible to follow the identical track for successive 
tests. Asphaltic surfaces with fine stone facing and graveled 
roads are unsatisfactory from this standpoint. The tests pre- 
sented herein were run on cobblestone or brick roads which 
have had many repeated tests. Checking accuracy on these 
roads is excellent. 

The table in Fig. 1 indicates the accuracy with which repeat 
runs can be made. It indicates, also, the necessity for the use 
of noise meters if accurate comparisons are to be made. Aural 
checks are good only: for changes amounting to 2 db approxi- 
mately. This table shows the observer discrepancies between 
four observers and deviation between two noise meters. A 
‘ series of tests of this kind determines the best test procedure. 
When the best possible accuracy is demanded, the same meter 
and the same observer must be used, and the comparative 
tests must be made with the minimum possible delay. 

Obviously these tests to check observers, meters, and roads 
were run because some difficulties were experienced in mea- 
surement with more than one meter. Small observer errors 
and small errors in road effect were found. The major errors 
were in the measuring instruments. For the benefit of the 
instrument manufacturers and users, some instrument short- 
comings will be mentioned which probably still exist. The 


PERCENTAGE OF REPEAT TESTS | 
WHOSE DEVIATIONS DO WOT EXCEED | 
THE VALVE PLOTTED. 


| A-476 CHECK TESTS SAME CAR 


PERCENT 


B- i6 " " " “ 
PLUS 8600 MILES —- 
C-248 CHECK TESTS Ow IDENTICAL 


PRODUCTION CARS 





© 4 _ a a a ae) hk CC US 
DB 
Fig. 2—The three curves give the results of repeat noise tests 
on brick road on the same car, but with each component of 
each pair separated by an average of 8600 miles, and on 
supposedly identical production cars 


following errors and shortcomings may be practically elimi 
nated by proper calibration and use: 

In the first place, no two noise meters of the same make, as 
they are delivered trom the factory, can be depended on to 
show the same noise level in the same sound field. Nor can 
two noise meters of different make be depended on to g 
the same answer. These discrepancies between noise meters 
are to be expected. The present standards for noise meters 
permit a range of variation of 5 db in the lower-trequency 
band. The total tolerance will amount to as much as + 3.7 db 
between instruments from reliable manufacturers. This tol 
erance must be considered in comparing published data. Dit 
ferent meters can be made to check if individual calibrations 
are made and meter weighting corrected. Three meters, which 
are used at the General Motors Proving Ground, check each 
other within less than ¥, db over the useful frequency range. 


vive 


lt has been found that noise meters are temperature-sensitive 
and that very considerable errors may be introduced from this 
source. The temperature sensitivity is usually in the micro 
phone of both the crystal and moving-coil types. Condenser 
microphones are sensitive to humidity and _battery-voltagé 
changes. There are very few and probably no noise meters 
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Fig. 3— The average noise at road load on smooth concrete 
for 37 different 1938 sedans is plotted against mph 


that have an internal calibrating element which is reliable over 
long periods of time. 

It has been necessary to use an external calibration and to 
check noise-meter calibration at frequent intervals. If a spot 
calibration is made after each series of test runs and an overall 
acoustical calibration is made at least once a month on all 
noise meters, accuracy can be well maintained. There is still 
one other point to make with respect to test procedure. The 
variations between two supposedly identical vehicles are such 
that comparisons of many types are not valid except on the 
same vehicle. In Fig. 2, Curve A gives the deviations found 
among 176 pairs of observations of road noise taken on the 
same vehicle. Curve B is similar except that only 16 pairs of 
observations are used, but each component of each pair is 
separated by an average of 8600 miles. The data are inconclu 
sive because only 16 observations were used, but there is littl« 
evidence of increased noise with mileage if rattles and squeaks 
are eliminated. Curve C gives the data for 248 pairs of obser 
vations on supposedly identical production cars. The probabk 
error of a single observation on the same car is 0.28 db 
whereas, on supposedly identical vehicles, it is 0.78 db. It 
would be necessary to run about 8 pairs of cars to obtain the 
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Fig. 4-—The average noise at road load on brick road for 37 
different 1938 sedans is plotted against mph 


same evidence of the effect of a change as would be obtained 
by measuring the effect of the change on a single car. 


Road Noise 


To begin the discussion on road noise, the characteristics of 
some current cars should be indicated to show some of the 
magnitudes of the noise in question. For example, some 37 
diflerent 1938 models have been run under 
similar conditions. The curves in Fig. 3 show the average 
noise at road load on smooth concrete and the deviation of 
the best and the worst from the average. In this case, the 


sedans ot the 


engine is the predominant source. Towing tests have shown 
that there is an increase in noise level when the engine is 
running at cruising load on smooth concrete. In most cars 
this increase is small. This figure also shows the comparison 
between noise levels in the front and rear seat. The noise level 
for the average car at 30 mph is 76 db in the front seat. 
Fig. 4 is the same type of comparison on the brick road. It 
should be noticed that the general level is up over the cruising 
run on concrete. The average at 30 mph is 82 db approxi 
mately, an increase of 6 db. Obviously, the road surface is 
responsible for this increase. In Fig. 5 the comparison on the 
cobblestone road is shown. The variation from the average is 
quite great. A critical customer would note the difference of 
the best or worst from the average. The public would notice 
easily the difference between the best and the worst if the two 
cars were ridden on a brick road within a day’s time. By 
comparison it is evident that the noise initiated by the road 
surface is, at the present time, the most serious noise problem. 

How is this road noise produced and how may it be sup 
pressed? Various solutions may become apparent if a study is 
made of the effects of the displacements produced by a road 
surface on a vehicle. For analytical purposes, the road will be 
assumed to remain constant but the vehicle may be changed 
by definition. The assumed road should have transverse bumps 
4 in. high and 4 in. apart. The simplest vehicle is infinitely 
rigid and unsprung. It may be defined as a flat bed mounted 
on wheels which are free to rotate. When a vehicle of this 
type passes over the test road only gross motions (motions of 
the vehicle as a whole) can occur. This motion is determined 
by the geometric relation of the wheels and bumps. If it is 
assumed that the wheels follow the road at all speeds, the 
vertical amplitude will be constant irrespective of speed. If the 
front and rear excitations are in phase, that is, the front and 
rear wheels are on top of a bump at the same time, all points 
in the vehicle are in the same vertical position in space at the 
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Fig. 5—The average noise at road load on cobblestone for 
37 different 1938 sedans is plotted against mph 


same time. A representation of the vehicle is shown in Fig. 6, 
together with a curve indicating the vertical motion with 
respect to speed over the test road. 

It is obvious that the effect of moving the vehicle over the 
rough road is merely to supply a displacement at the supports, 
or wheels. These displacements vary in magnitude in a 
manner determined by the geometric relation of wheel diam- 
eter and height of the bump. The frequency of the displace- 
ments applied at the wheels varies with the speed of the 
vehicle. Only the fundamental frequency will be considered 
in this analysis, although many other frequency components 
are present. The forces involved vary with the weight of the 
vehicle and the speed. The phase already is specified as being 
the same fore and aft and across the vehicle. 

The ride of the rigid and unsprung vehicle will be very bad 
at low speeds and unbearable at high speeds. There will be 
noise produced by the motion of the surface or platform of the 
vehicle because of the inertia of the surrounding atmosphere. 

The intensity of the noise produced in this vehicle will be 
that resulting from the same motion as that producing the bad 
ride effects, namely, the motions of the structure as a whole 
or gross motion. A calculated curve for the. noise level close 
to the platform is shown in Fig. 6. 
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Fig. 6-An infinitely rigid and unsprung vehicle is repre- 

sented, together with a curve indicating the vertical motion 

with respect to speed over the test road and a calculated 
curve for the noise level 
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The first addition to the vehicle will be at top and sides. 
This change will produce no effect on ride. The body has 
10w become an acoustically resonant enclosure, but not struc 
turally resonant since the infinitely rigid specification still 
holds. The noise characteristics of the vehicle are now 
changed because of this enclosure. The interior body dimen 
sions determine the frequencies at which the body is acousti 
cally resonanc, and the complete enclosure limits the amount 
ot dissipation of the acoustical energy. The noise level, in 
general, will be raised, but the amount will depend on the 
acoustical resonances. 

The acoustical-resonance characteristics of the body intro 
duced through the addition of the top and sides are similar to 
those of a simple pipe system and may be treated in the same 
manner for the purposes of analysis. The body is acoustically 
resonant when the dimensions are some multiple of half wave 
lengths of the induced noise. Fig. 7 shows graphically the 
amplitude of motion of the vehicle, calculated intensity of the 
noise produced in the body, and some of the acoustical- 
resonant frequencies of the body. 

An elastic element with damping must now be added 
between the wheels and the body. A simple picture of this 
change appears in Fig. 8, together with curves showin 
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Fig. 7—The amplitude of motion, calculated intensity of the 
noise produced, and some of the acoustical-resonant fre- 
quencies of an infinitely rigid and unsprung enclosed vehicle 
are shown graphically 
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Fig. 8-— Computed estimates of the effects on ride and noise 
of adding an elastic element with. damping to an enclosed 
vehicle are shown 
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Fig. ?—The deflection characteristics of the springs of the 
vehicle illustrated in Fig. 8 are shown, with the same excita- 
tion as that supplied to the original unsprung vehicle 


of the computed estimates of the effects on ride and noise. 
Allowance was made for some damping. The system of body 
and springs has now become a resonant system. The amount 
of noise is reduced because the gross motion imparted to the 
body, which is still infinitely rigid, has been much reduced 
over most of the speed range by the addition of the springs. 
The ride has much more comfortable, and 
approaches that found in a conventional vehicle because of 
this reduction in body will be noted that th 
resonant frequency has been assumed to be 1 cycle per sex 
(60 per min). It should be mentioned that the ride and nois« 
effects for a given excitation will become more disagreeable as 


become very 


motion. It 


the resonant frequency of the suspension is increased. The 
amount of damping and methods ot application of the damp 
ing also will have major effects on noise and ride. It should 
be pointed out here that the spring rates at all supports were 
assumed to be the same. The behavior of the vehicle then 
could be considered in the same manner as if a single spring 
vere the supporting means as far as the gross motion 1s con 
cerned. The curve in Fig. g illustrates the deflection character- 
istics of the vehicle springs with the same excitation as that 
supplied to the original unsprung vehicle. 

To approach more nearly the conventional vehicle, another 
set of springs must now be introduced in the suspension 
system. These springs will be stiffer than the first set applied, 
and in series with them. These secondary springs are the 
pneumatic tires. The conventional automobile suspension sys 
tem has now been arrived at in the simplified form. This is 
shown diagrammatically in Fig. ro. Each combination of two 
springs and two masses represents an elastic system with two 
degrees of freedom if considered in the elementary form. The 
amplitude curve for total spring deflections now must be 
modified to show the effect of the two resonant frequencies. 
The mass of the wheels and axles is small compared to the 
mass of the car; consequently, there will be little change in the 
frequency of body motion and spring deflections for the first 
resonant frequency. The total spring deflections for the second 
resonant frequency will be about as large as the first but, 
because of the comparative magnitude of the masses in the 
two systems, there is little change in body motion over that 
for the single degree of freedom. The eect of some damping 
has been included. The noise in the body, which is still 
dependent alone on gross motions of the vehicle, will be 
raised in the low-frequency range below 100 cycles per sec. 
The noise curve shown in Fig. 10 is a calculated curve for the 
change in noise with the suspension change. The shape ot 
the spring deflection versus frequency curve is as shown in 
Fig. 11. In actual practice these compound systems usually 
are treated as two simple systems since the two resonant 
frequencies are so close to the individual systems alone. 
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Fig. 10-—By the addition of another set of springs in series 

with those of Fig. 9, to represent pneumatic tires, the con- 

ventional automobile suspension is shown diagrammatically, 
and its characteristics are given 


The vehicle body shall now be made flexible but non 
resonant and with its capability for distortion proportional to 
the torces applied. These forces are those which vary with 
time, [rom a Maximum to a minimum at the frequency of the 
excitation from the road. An examination of the spring de 
Hection curve in Fig. 11 and a consideration of the torces 
required to deflect the spring indicate that the forces tending 
to distort the body and frame are quite high, especially at the 
resonance frequencies of the suspension. In the high-frequency 
ranges the magnitude of the exciting force would approximate 
The 
would approximate 75 lb. These estimates assume an excita 
l 


s lb at each corner of the vehicle. torces at resonance 


tion displacement of 4 in. and a spring rate of 100 |b per in. 
The force transmitted by the shock absorbers is not given, 
though it may be large, because of insufhcient data on force 
characteristics in the higher-frequency range above 20 cycles 
per sec. The change in volume in the vehicle body produced 
by these forces must follow in general the spring deflection 
curve plus whatever shock-absorber forces there are present. 
The total amount of noise produced is affected by the addition 
of the noise produced by the volume change in the enclosure 
to that produced by the gross motion. The summation of 
these two sources of noise, in general, results in a considerably 
higher level, depending on the manner in which the body 
distorts and on the acoustical resonance frequencies of the 
body. 

The body and frame structure must now be made resonant, 
as all elastic systems are. An elastic structure of this character 
at many frequencies just as a bar or string is 
resonant to a number of frequencies. The nature of the 
structure is so complicated that it would be, to say the least, 
extremely difficult to calculate the resonant frequencies, but it 


is resonant 


is known that, the lower the first resonant frequency, the more 
resonant frequencies are obtained within the operating range 
and that the intervals between these resonant frequencies 
become smaller. 

So far it has not been possible to divorce the noise produced 
by gross motion from the noise produced by distortion and 
to measure the individual extent of each in an actual car. It 
is probable that the body distortion produces more noise than 
the gross motion. The gross motion does modify to some 
extent the characteristics of the resultant noise. The curves 
shown in Fig. 12 are for the probable noise characteristics of 


resonant and non-resonant model structures. Curve G shows 


PASSENGER-CAR ROAD NOISE 


a probable effect of combining the distortion noise and gross 
Curve H 1s tor a 
typical structure such as is used in most vehicles. The first 


motion noise tor a non-resonant structure. 


resonant frequency of the structure was assumed to be the 
same as the resonant frequency of the axles and tires. This is 
not necessarily the case. 

It may be of interest to mention that frequency analyses ol 
production cars on brick roads have shown that the frequency 
and intensity distribution of road noise, in most cars, 1s very 
well represented by Curve H. 

One other resonant system in the vehicle has yet to be 
mentioned. This resonant system consists of the engine and 
its mountings. The engine is a very considerable part of the 
vehicle from the standpoint of weight. Any relative motion 
of the engine with respect to the chassis will affect to a very 
feel of the vehicle. It is 
obvious that a resonant bounce of the engine can be induced 


great extent the smoothness and 
by road shock. This bounce may produce disagreeable ride 
eflects and noise. The engine and its elastic mounting to the 
body and chassis determine at least one major resonant tre 
quency of the structure. Other resonant frequencies are, of 
course, influenced by the engine and its mountings, but arc 
primarily a function of body and frame weight and design. 
It becomes apparent that engine mountings, aside from pre 
venting the transmission of engine noise and vibration to the 
structure, may influence and do influence ride, road noise, 
and handling characteristics, which are also functions of the 
road surface. 


The chief concern, so far, has been with the vertical excita 









3, 
4 
j 
; 
i | ; 
Zz i 
2 SPRING 
” DEFLECTION 
ws } 
= } 
ec 
i 
4 
a 10 ioo 1000 


FREQVENCY - C.P.S 


Fig. 1! -The spring deflection versus frequency curve for the 
simplified automobile suspension of Fig. 10 is illustrated 
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Fig. 12—The probable noise characteristics of resonant and 
non-resonant model structures are shown 
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tion of the vehicle. Under actuai operating conditions there 
are also transverse excitations imparted to the vehicle. Obvi- 
ously, an analysis, similar to that used for the vertical excita- 
tion, applies to the transverse forces and displacements though 
the resonant frequencies encountered may be different. ‘The 
major difference is the necessity for transverse rigidity in the 
suspension to give good car handling. 

Another element of the problem which has not yet been 
discussed is the effect of phase of the excitation between the 
four points of road contact. Phase differences will introduce 
gross motions of roll and pitch together with torsional distor- 
tions of the structure. Torsional resonance will become evi- 
dent which may be different in trequency from the resonance 
associated with vertical and transverse bending. The low- 
frequency resonance in pitch and roll affects ride, and the 
low-frequency torsional resonances affect car handling in 
addition to their effect on noise. 


Noise Pattern Effect 


The effect of non-uniformity and localization of body 
detormation is to produce a noise pattern effect in the vehicle, 
more especially when the frequency of distortion produces 
wave lengths, small compared to the body dimensions. Of 
course, this pattern effect again is modified by the gross 
motion effects previously referred to. There is also an effect 
on noise pattern from the phase of the distortions of the body. 
These combinations are difficult to separate out and treat 
individually. It should be pointed out in particular that the 
gross motions of the vehicle determine the minimum amount 
ot noise obtainable except where the resonance and distortion 
effects in the body produce considerable modification. It must 
be remembered that, if the noise produced by distortion, or 
volume change, obscures the noise produced by gross motion, 
which is most probably the case at present, the amount of 
improvement obtainable by a reduction in distortion is limited 
by the magnitude of the noise produced by gross motion. 
Suspension modification, alone, can change the gross motion 
magnitude and forces applied to the body. The resultant noise 
from these various sources, with the road as the origin of the 
forces producing the motions and distortions, constitutes the 
noise which should be defined as road noise. 

Though road noise was present ten years ago, it was not 
particularly apparent because of other noise, mostly from the 
powerplant. The powerplant noise was predominant because, 
in most cases, at that time, the engines were still mounted 
rigidly to the frame. Where rubber was used in the engine 
mountings, the mounting stiffness was so great that only 
high-frequency vibration was at all suppressed. The engines 
were not nearly as well balanced nor were the tolerances as 
close as at the present time. In fact, the forces transmitted to 
the frame and body by the engine were probably higher than 
the road forces. Powerplant noise was increasingly well sup- 
pressed in the following four or five years through the use of 
intake silencers, better exhaust silencing, better balancing, the 
increased use of balancers and dampers for crankshaft torsion, 
and the change from hard to soft engine mountings. 

When the solid engine mountings were used, the engine 
structure served to stiffen the frame. The change to soft 
engine mountings brought about a considerable loss in tor- 
sional frame stiffness. Handling difficulties then became more 
evident and objectionable. This handling difficulty and the 
demand for more durable and safer cars brought about a 
change in body, frame, and suspension construction. These 
changes in construction were in a direction tending to increase 
road noise. In the body, the use of wood as structural ele- 
ments meant that most of the stresses were taken in these 
wooden elements because the panel attachments were such 


that no great amount otf stress or bending could be taken in 
the panels. The impedance to the transfer of vibrational 
energy from a wooden structural member to a steel panel is 
much greater than trom a steel structural member to a steel 
panel. The internal damping and looser coupling between 
wooden structural members also impeded the transter of 
vibrational energy, especially in the higher-frequency ranges. 
To be specific on some changes, wooden floor boards were 
replaced by a steel floor welded to a steel body side rail; 
wooden frame work to which the body sheet was nailed o1 
screwed was replaced by a steel frame work to which the body 
shell was welded. In order to decrease weight, body panels 
were stressed higher, more especially the floor, as it became 
more of an integral part of the structure. Greater deflections 
of larger areas were produced and consequently more noise. 
All in all, more of the whole unit has been put to work to 
carry stress loads. In addition to the body changes, there were 
the effects of different types of suspension on road noise. There 
is some evidence that a “conventional” suspension may be 
quieter on the same car than an independent suspension. It 
does not necessarily follow, because a car has the conventional 
suspension, that it has less road noise than some other car with 
independent suspension. In general, the conventional suspen 
sion inherently should operate quieter, first, because it has 
more transverse flexibility than most of the independent sus 
pensions; second, there is more friction loss; third, except in 
the case of the transverse spring, the forces are applied to the 
frame at two points, a considerable distance apart. The force 
applied at each point is about one-half of that applied at the 
single point of attachment of the independent suspension. The 
distance between the points of application of the divided 
forces, in the case of the conventional suspension, introduces a 
phase difference and also affects the bending mode of the 
frame. Both of these effects tend toward a reduction in the 
magnitude of the distorting forces transferred to the body. 

Another suspension effect on road noise becomes apparent 
through variations in the so-called “unsprung” weight and 
tire elasticity. The variations in unsprung weight appear in 
difference in design of axles and wheels and in the different 
types of suspension. The variation in tire elasticity is depen 
dent on tire size and air pressure. The present trend is toward 
lesser unsprung weight and probably toward slightly higher 
tire pressures. The natural result is reflected in the higher 
resonant frequency of the axles and wheels on the tires. If the 
resonant frequency of this combination is increased, the 
spring deflections become greater in a higher-frequency range, 
with considerable detriment to ride and noise. 

There is an additional tire characteristic which sometimes 
aflects road noise. This is a tire resonance which apparently 
is a result of the combination of tread mass and the air and 
sidewall elasticity. There is some evidence that noise is trans 
mitted to the body from this source. The probable decrease in 
internal damping in tires and the increase in tread weight, 
together with the trend toward higher tire pressure, probably 
have accentuated this effect to some extent. 

One of the first attempts at suppressing road noise was 
through the use of damping felts cemented on all the steel 
panels. Many claims were made for different damping mate- 
rials but, from the standpoint of the suppression of road noise, 
no valid evidence has been found that any of them have been 
of any appreciable help. It is not reasonable to even suppose 
that there should be any material effect on road noise through 
the use of damping materials. Nevertheless, damping material 
has a definite use in the automobile. It does reduce the time 
of vibration of a panel struck by a stone or by hail or rain and 
has decreased the “tinniness” of a slammed door. 

The reason for the lack of noticeable effect on road noise by 
damping materials applied to the floors and panels of the body 
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Fig. 13 —Results of one noise test on brick road made with 
and without damping material on the panels and floor of the 
car, are presented 


is evident when the relationships of the mechanical character 
istics of the structural members to that of the damping mate 
rials are considered. It must be realized that the amplitude of 
motion of the panels which produce noise must be reduced 
5% to secure a reduction of approximately 3 db in noise 
level. If damping is applied to a resonant system, the reduc 
tion in the amplitude of motion at resonance for a given 


25° 


excitation is a function of the “resistance” of the damper with 
respect to the mass and stiffness of the resonant system. Very 
few individual panels are likely to respond to the same fre 
quency. On resonance, damping has little effect. If the resis 
tance to motion of the damping material applied to the floor 
and panels of the car is compared to the stiffness of the struc 
ture, including the frame, it becomes still more apparent that 
little effect could be expected. The resistance of the damping 
material is small compared to the stiffness of the structure and 
is also small compared to the inherent damping already pres 
ent. The resonant frequencies of the structure are determined 
primarily by the frame and other structural members and the 
panels, although contributing to the structural stiffness to a 
degree, are controlled by the structural members. The con 
ditions, overall, approximate those due to a constant-displace 
ment excitation where damping is ineffective. 

As a matter of record, runs have been made on extremely 
rough roads, on smooth roads, and on a brick road which is 
smooth compared to most brick roads, both with and without 
damping materials on the panels and floor of the car. These 
tests have been made with different thicknesses of materials 
and with different types. The result of one comparison is 
shown in Fig. 13. Since the effect of damping materials has 
been the subject of much controversy, the engine was not 
running and the car was out of gear when the brick-road test 
was made. These runs were made when measurement error 
was greater than at present, but the average deviation is about 
¥ db. Sound-absorption materials also have been tried in an 
effort to suppress road noise. Some effect from sound absorp 
tion can be obtained, but even now, with the type of upholstery 
used, there is ample absorption in the frequency range where 
absorption material is effective. Most absorption materials are 
relatively ineffective in the range of noise frequencies pro- 
duced in the automobile. Material depth of 1 in. must be used 
before any effect is noted except in quality. The absorption 
now present in the automobile is almost too great in the voice 
frequency range. The effect of too much absorption is to 
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make conversation difficult, because of the masking effect of 
the low-frequency noises. A frequency analysis of the road 
noise in a motor car shows that the predominant frequencies 
are in the range from 50 to 250 cycles per sec. The intensity 
of the various frequency components falls rapidly after about 
250 cycles per sec. has been reached. This frequency-distribu- 
tion characteristic indicates why additional absorbing materials 
cannot be justified economically. 

Another method for road-noise suppression consists in the 
isolation of the body from the chassis. There are certain objec 
tions to this method which are well taken and justified. If 
it is possible to use the body to increase the section modulus 
of the structure, a given rigidity may be obtained for lesser 
weight than where the body is elastically mounted on the 
frame. When the rubber mountings are made stiff enough to 
make some use of the body for overall structural stiffness, 
then the gain in noise suppression is scarcely sufficient to 
justify the cost. In brief, if rubber is used between the body 
and frame, it is necessary to increase the frame structure at 
an increased weight and cost penalty if a given chassis rigidity 
1S desired. 

The analysis of the problem as just presented has been 
the result of a long series of comparative tests on different 
vehicles and considerable re-working of individual vehicles. 
The approach to the problem appears to be, first, through 
reducing body distortion by structural modification and, 
later, reducing gross motion of the vehicle, if the desired 
results are to be obtained. It seems now that the basic re 
quirement is that the deflections taken in the steel panels 
comprising either the floor, top, or sides should be reduced 
materially by design of the body framework. The vehicle 
should either carry all the stresses in small-area structural 
members or the body panels should add sufficiently to the 
strength to lessen materially panel distortion compared with 
present bodies. If the body panels are to be used as major 
structural members, the shape of the panels should be such 
that the stiffness is great in the direction of application of the 
major stresses. The body section of the vehicle would be stiff 
relative to frame members supporting the engine and carry 
ing the suspension. The body and frame should be stiff in 
bending both vertically and transversely, as well as torsionally. 
There has been a tendency to overlook the effects of excessive 
vertical and transverse bending of the chassis if the torsional 
stiffness was satisfactory. Flat panels should be avoided except 
on the floor, and these flat areas should be reduced to a mini 
mum. The body and frame should not have a resonant bend 
ing period coinciding with any other major resonant frequency 
in the suspension. The engine-mounting resonant frequency 
should be so selected as to act as a harmonic balancer on some 
of the lower suspension frequencies. Tires probably should be 
increased in size and operated at lower pressures if there is no 
accompanying decrease in transverse stability. 

None of these requirements is impossible but, if they are 
to be made use of, some design practice must be changed 
and more careful stress and deflection determination made. 


Five Suggestions Made 


In brief, the principal suggestions are, one, the localizing 
of stress to stress members; two, the raising of the resonant 
frequencies of the structure; three, the detuning of the 
suspension system and the body and frame; and, four, the 
use of some isolation at selected points. A fifth and very 
entertaining suggestion is that more experimental noise in- 
vestigation be done on body construction in general and that 
more road-noise checking be done before production dies 
are released on proposed major body changes. The reason for 
this suggestion is that usually the minor changes which 








may be made, once body dies are released, will have but little 
eflect in reducing the intensity of the road noise. 

Finally, it must be concluded that road noise is a part 
of the ride problem, a part of the car-handling problem, a part 
of the engine problem, and a part of the body-and-chassis 
problem. In fact, it is associated in some degree’ to every 
major component part of the vehicle. 

In closing, the authors wish to thank the General Motors 
Corp. for permission to publish the data herein contained 
and for the opportunity and encouragement received to carry 
on these studies. In addition, there are many men from the 


Divisions of General Motors who have helped materially in 
providing experimental material and who have made many 
valuable suggestions. To these men we express our great 
appreciation. 


Discussion 


Emphasizes Importance of 
Trained Ear in Noise Problems 
—R. F. Norris 


Norris Industries, Inc. 


LTHOUGH the outlines given of noise sources, test conditions, and 

suppression methods are quite complete and comprehensive, it is 
unfortunate that they are so general as to act only as a rough guide to 
the problem for the uninitiated. 

I can hardly agree with the authors that sound problems are nebulous 
in character. We all are provided with excellent organs with which to 
recognize sound, measure its frequency and intensity, and with which to 
analyze complex sound waves more accurately than any instrument yet 
devised, or likely to be devised. It is true that our ears cannot record 
these properties of sound for future reference, and for comparisons mad« 
over periods of time supplementary instruments are invaluable. To attack 
seriously a sound problem we must have sound meters and analyzers, but 
it is a grave mistake to underestimate the use of trained ears in_ the 
investigation of any noise problem. In a great many cases with which I 
am familiar, an ear observation has determined the type of instrument to 
be used and how it should be applied to the specific problem. In few 
branches of engineering is the experience, training, and background of the 
investigator more important. 

I have made quite a number of automotive noise tests and have studied 
results obtained by other investigators and feel that the check on_nois« 
levels in test cars obtained by the authors is nothing short of miraculous. 
My observations, and those of others, show that the sound field in a car 
will vary as much as 20 db, depending on the location of the microphone. 
A variation of 5 db may be occasioned, in many cases, with a few inches 
of movement of the observer's or driver’s head. Since the sound field is 
so non-uniform and unstable, an extreme accuracy of the instruments 
used for the measurements seems an unnecessary refinement. In fact, 
sound measurements are much like women as described in the old song, 
which said: “You never see two alike at any one time, and never see one 
alike twice.”’ 

I have spent some time considering the authors’ hypothetical vehicl 
which follows a road with % in. projections every 4 in., all four wheels 
in phase. They plot noise curves from 10 cycles per sec to 1000 cycles 
per sec. Let us consider the first case, or Fig. 6. This figure shows 9 
db at 10 cycles per sec. It is true at this speed, as the 
that the ride would be extremely uncomfortable, but the 
make absolutely no noise, first, because 


authors sa\ 
device would 
the air is so mobile at this low 
frequency that it would blow around the edge of the vehicle and neu 
tralize whatever pressure might tend to build up and, second, because we 
cannot distinguish frequencies below 20 cycles per sec as sound. 

In considering the remainder of the curve it is quite obvious that th 
sound energy would build up in direct proportion to the speed (or fre 
quency) and the curve should be a straight line without the break shown 
at 100 cycles per sec. 

I realize that this is purely a mathematical concept, but I wonder if 
the authors realize that the vehicle would have to travel at 227.4 mph to 
generate a fundamental frequency of 1000 cycles per sec. 

In this criticism I do not wish to impugn the mathematics of th 
authors, but would like to suggest that they may have made assumptions 
in their efforts to simplify the problem which have led them into erron¢ 
ous results as they progress toward more complicated applications. Th« 


step in which the authors add an inflexible, rigid, non-resonant body to 
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the vehicle is interesting, but I cannot conceive how such a body cai 
influence in any way the volume of sound emitted by this hypothet 
automobile. They do not indicate any openings in this body and, if 
inflexible and non-resonant, as they assume, it adds only height, which, 


with a purely vertical movement, should have no acoustical effect except 
a slight decrease of cavitation on the very low frequencies 
In the 


there 


consideration of rubber engine 
is doubt in the 
eflectiveness 


mountings, I do not believe that 
mind of any automotive engineer con 
properly applied. They are 
absorbing torque reaction and effectively shut out al 
from the chassis and body. In fact, they are so efficient and 
that they may be considered a fait accompll. 

I agree with the authors, in general, 
material on vibrating surfaces. They 


surfaces but, since these 


rning th 


— 


when extremely efhicient 


mechanical clatter } 


concerning the valu f dl 


do reduce the “‘tinnin of these 


surfaces are driven at the lower and most im 


tant frequencies by mechanical forces which are great com 
applied, the materials are u 
in reducing the noise output of the panels so treated 

I have found 
relatively 


may be 


damping factors of the material usually 


sound-absorbent materials in practical quantities to b 


ineffective in reducing 
quite effective annoyance due to 
wind-rustle noise and, in many cases, they 


low-frequenc sounds, although t 


in combating high-frequen 
have been reported as in 
ing the feeling of Juxuriousness of a car 

| 


The authors’ conclusion that the body should not be used a 
I} tl | t 


the load-bearing structure of the car is 
regarded as what it started out to be 
tection for the passengers from the 
must be 


sound. In tact, it should 
than a | 
elements. If this 1s done, the cha | 
designed so that it will adequately 
torques of operation and the body can be dissociated trom it acoustic: 
The result will be a more quiet ride and less likelihood of body squeal 
rattles, and panel noise. 

It is interesting to note that the 
weight as a 


nothing more o 


withstand th train ane 


authors have not mentioned uns} 


factor in road noise transmissions. This, | believe to be 


importance. The greater the un 
be transmitted 


matter of major 


prung weight, the mor | 


to the vehicle by road shock. nad the I 


a noisier and less comfortable ride. 


energy will 
will b 

To make a quiet car | 
means and 


mounting, 


believe we should us \ lIown quicti 
be in constant search for 
mufflers, intak« 
a shock-mounted independent body 
“tunniness” 
capital “‘L,”’ 


and the 


new one W hould use engine 
silencers, of course, an adequat uff chassis, 
with damping material to preclud 
and with enough sound absorption to sp uxXUI 
a body design that will minimize wind rustle and whistling, 
absolute minimum of unsprung weight ;, ynjunction 
with low-pressure tires with quiet treads, will give us a car so quiet that 
the least rattle of an ash tray or the 


noises of major importance. 


wind rush through iter will b 


Ways To Overcome 
Noise-Meter Deviations 


— G. T. Stanton 


Electrical Research Products, Ince. 


HE authors call attention to deviations in measur nt 
series of noise meters. This condition, it is regrettable, exists in tl 


present state of the art and is caused primarily by deviations in individual 
Some data are pi ited indicating tl 
nature and amount of deviation to be anticipated 

that these deviations 
The first is custom building of apparatus with corrective networks for th 


microphones from the average. 


It is suggested may be overcom n two wa 


individual microphone characteristic and accurate calibrating methods t 
insure strict adherence. The second method immediately obtainable i 
volves complete frequency calibrating in microphone and apparatus and 
frequency analysis of the noise to be measured with the application 


determined correction factors for individual component 
Stress Need for 
Closer Tolerances 


— Ernest J. Abbott and Samuel Bousky | 


Physicists Research Co. 


HE authors’ 





interpretation of road noise is exactly the tvpe of attack 
that our organization has found most practical. Their remarks con 
cerning instrumentation are particularly significant, and the purpos« 
these comments is to extend attention in this direction 
The authors do not state explicitly what they regard a reasonab 
tolerance on sound measurements. As in all tolerances, there are tw 
sides — that of the user and that of the suppliet 


1. What accuracy is essential to the job? 
2. What difficult, 


arises 


in obtaining a given toleran Supp! 








— > 








July, 1939 


Table A — Requirements on Reproducibility of Sound 
Measurements for Practical Work 

Per Cent 

Sound 


Tolerance Pressure Suitability Difficulty of Attainment 
+2 db £25 Worthless Wide tolerances on parts 
and construction. 

+1 db +12 Nearly Medium tolerances on de- 

worthless sign, construction, and 
adjustment. 

~0.5 db =6 Usable Careful design, close tol- 
erance on parts, con- 
struction, and initial ad- 
justment. 

*0.25 db +3 Practical Careful design, close tol- 
erance and adjustment, 
and frequent — calibra- 
tion. 

0.10 db I Desirable Very difficult to maintain. 

Table A gives our interpretation ot these two factors and, from. the 


authors’ data, we believe that there figures are also consistent with their 
experience 


Fig. A shows the tolerances allowed by present ASA Standards. 


] . } 
Usually the alues are shown on a compressed scale, so the tolerances 
look sma In Fig. B they are expressed directly in percentage of the 
correct sound pressure, which is the practical comparison. From this it 1 

1 Ch 

, a 35-4 ee 

seen that the present standard tolerances are - which are woe- 
- 24 
fully large. As shown in Table A, practically usable tolerances are from 
- 6% dow 
The present toleran obviously wer lected for the convenience of 


the supplier, and not tor the needs of the user. The arguments offered in 


upport ot Nn wide oO ance wel two 
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Fig. B (Abbott-Bousky discussion) — Present allowable toler- 
ances on sound-meter design are expressed in sound pressure, 
and in percentage of the correct sound pressure 
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1. It is easier to build to wide toleranc 
2. It was claimed that there is no practical need for determininy sour 


pressures closer than = 30 to 50%. 


The clinching argument always has been: ““We are selling large nun 
bers of these meters, particularly to the automotive industry.” 

lo the best of our knowledge, there is no question about the feasibilit 
of obtaining meters which will reproduce results to = '%4 db or better 
The authors state that they 


have done so, and so have practically al 
successful users of sound measurements. The whole question seems to 
rest on the commercial value of closer tolerances. It might save $100 in 
the cost of a sound-level meter to build it to present tolerances of + 35% 


(2 db) instead of = 3% (% db). On the other hand, the authors wil 


us out that $5000 does not go far in road testing and experimenta 
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Fig. C (Abbott-Bousky discussion) — Results are given of 

measurements taken with different sound meters under the 

same conditions, in the same automobile, and with the 
same microphone 


tion. It the readings are not dependable, several thousand dollars’ worth 


of experimental work easily can be lost. It appears to be a very fallacious 
conomy to save a few dollars on a meter, and then lose thousands i 


xperimentation just to give wide tolerances. 


n 

If the authors’ experience is essentially in accord with the foregoing 
figures, it might be well for us to re-open the question of toleranc 
from the standpoint of the user of the equipment. 

Several years ago, when the present standards first were announced, 
xperimental measurements were made in a given automobile using two 
meters, the response curves of which were both well within the tolerances 
as shown in Fig. A. Typical results are shown in Fig. C. It will be 
observed that the differences are as vreat as between the authors’ “‘best”’ 
ind “worst” cars in Fig. 3. Further, there is no possibility of correcting 
from one meter to the other, as the correction would differ with speed 
and position in the car. In fact, a different correction factor would bs 
needed for every sound, as no two sounds have the same distribution of 
energy among the various component frequencies. 

The practical solution 1s to reduce tolerances on sound meters so that 

ictical readings can be taken. 


Effectiveness of 
Floor Damping Materials 


— James C. Zeder 


Chief Engineer, Chrysler Corp. 


O' R experience corroborates, in a general way, the theoretical sound 
frequency curve | 


of Fig. 12. It is also interesting to note that ou 
measurements of road noise are more or less in agreement with tho 
given in Figs. 3 and 5. 

With respect to the effectiveness of damping materials in reducing road 
noise, we are not in entire agreement with the authors’ findings and 
discussion. It is quite true that the effectiveness of a damping materia 
is a function of the relation between its “so-called resistance’? and th 
mass and stiffness of the resonant system. For a floor damping material 
it seems to us that the mass and stiffness of the floor should be con 
sidered rather than that of the frame. Even though a panel may be quite 
rigidly attached (at its edges) to a stiff and heavy frame, the mass and 
stiffness at the center of the panel might be such that damping material 
would reduce greatly the response at resonance. In fact, one well-known 
method of testing damping materials employs such an arrangement. If a 
floor panel supported in this way is vibrated from the edges at the poi 


ot attachment to the frame, then the uupling between the bod 
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frame is an important factor in the effectiveness of the damping material. 
With resilient body mountings such as are used in Chrysler Products, the 
conditions approximate more nearly those due to a constant force rather 
than constant-displacement excitation and damping is thus rendered much 
more effective. 

This statement has been borne out by road tests in which a decrease in 
rough road noise of as much as 2 db has been effected by the application 
of suitable damping materials to the floor. The reduction in noise was 
not so great in tests on a car in which no resilient body mountings were 
used, although, even in this case, some gain could be measured, especially 
at resonance. 

In the brick-road test of Fig. 13, it might reasonably be expected that 
a definite peak in noise could be found somewhere between 20 and 30 
mph and, if readings were taken at this speed with and without damping, 
a measurable reduction in resonance might have been observed. 

It appears that the authors do not favor the use of soft resilient mount- 
ings between the body and frame, preferring to take advantage of such 
additional stiffness and possible saving in weight as might be gained by 
using rigid attachment. This opinion does not seem entirely consistent 
with the conclusion that future development should be along the lines of 
confining all the stresses to small-section structural members such that 
the body sheet would be practically free from stress. Surely the body 
without sheet metal would add but little to structural rigidity; conse- 
quently, any important contribution of the body to structural rigidity 
must be at the expense of carrying stresses through the body sheets which, 
of course, is undesirable from the viewpoint of noise reduction. Perhaps 
the best way to keep noise-making stresses out of the body panels is to 
keep stresses out of the body by using some sort of resilient mounting. 


More Data on 
Deadening Materials 
— P. H. Geiger and F. A. Firestone 


Department of Engineering Research, 
University of Michigan 


E would like to add some data to the disputed question as to 

whether road noise is decreased by the addition of deadening 
materials to the body surfaces. The effectiveness of deadening materials 
seems to be different for different makes of cars, but for all of those 
which we have measured, namely, several Fords, several Lincoln Zephyrs, 
and a Packard 120, there was a decided decrease in road noise when a 
good grade of deadening material was added. The decrease in the aver- 
age sound level over the speed range from 20 to 70 mph was from 1 to 
2 db, a very noticeable improvement which would be rated by an average 
observer as a reduction of loudness of from 8 to 16%. Furthermore, 
with the deadened car, the noise increased more uniformly with speed, 
with less tendency to exhibit noisy periods which attract attention. 

These measurements were taken with the greatest of care, observing 
several precautions of measuring technique which we have found to be 
of importance. The same driver and the same observer were used 
throughout the readings. Final results are the averages of readings taken 
at eight different microphone positions distributed throughout the body. 
Runs were made in opposite directions over the test road so as to average 
out the effects of the wind. The sound-meter amplifier was calibrated in 
the car during the course of the readings by means of a portable oscil 
lator. The temperature coefficient of sensitivity of the microphone was 
known, and corrected for when sensible. We have found that different 
microphones of the same modcl differ in their temperature coefficients 
and, for some, the coefficient is negligibly small. We often have repeated 
a set of readings of average road noise within 0.1 db, consequently we 
believe that the 1 or 2 db measured reduction of noise due to deadening 
is real. 

Some engineers have concluded that damping materials are never effec 
\tive because they have made tests with materials whose effectiveness is 
negligible. Thick-plate decay-time tests have shown that some materials 
have 150 times as much damping as others on the market. The thin 
plate test of deadening materials tends to compress the scale used for 
expressing the effectiveness, and so may show two materials as being 
nearly the same when actually one is considerably more effective than the 
other. 

It may be that deadening materials are not very effective on som« 
models of cars because the road noise due to the gross motion of the 
body, or to one of the other causes mentioned by Wilson and Huber, is 
considerably greater than the noise due to panel vibration which the 
deadener might be expected to diminish. When means are found for 
decreasing the noise due to these other causes, the relative importance of 
the deadening treatment on the panels may increase. 

Another point: Although the air in the body might resonate, as the air 
in an organ pipe does, we have never found that it does so to any impor- 
tant extent. Although we have several times found notes coming out in 
the car at the frequencies at which the air in the body might resonate, it 
has always been found that this was only a coincidence, the resonance 
actually being of some part of the mechanical structure. 


Importance of 
Dash Insulation 


— John S. Parkinson 


In Charge, Acoustical Engineering Section, 
Johns-Manville Research Laboratories 


R WILSON and Mr. Huber have done a job which has long needed 
doing in the preparation of this paper. As the discussion points out, 
the problem of noise in an automobile can only be attacked intelligently 
when viewed in its entirety. A great many of the misconceptions which 
have prevailed in the past have been due to the fact that noise sources 
have been examined individually. A case occurred, for example, where 
altering the design of the dash made a decided improvement in the noise 
of a certain model. In the following year, the same experiment was tried 
and no change whatever in the total noise level of the car could be 
observed. In the second case, the noise observed within the car came 
from other sources. Had the problem been examined from all angles, this 
sort of thing could not have occurred. 

It is particularly impressive to see how closely the theoretical nois¢ 
spectrum can be made to coincide with the actual measured spectrum a 
encountered in the car. This agreement encourages one to believe that 
some information on quieting procedure may be obtained from a strictly 
theoretical approach. The manufacturers of sound-control materials will, 
in general, agree with what the authors say about the function of damj 
ing materials. These materials have a definite usefulness in the car, but 
they have suffered from the fact that builders have tended to expect tox 
much from them. With respect to sound-absorbent materials placed 
within the car body, there have been cases where improvements have been 
observed. Normally such improvements are made where some specific 
frequency band in some particular area of the car is causing troubl 
Under these circumstances it seems reasonable that suitably 
sound absorbents should be specified. 

The paper does not lay much stress on the use of sound-insulating 
materials in the dash construction. As isolation of the body from motor 
and road vibration improves, it probably will be found that more noise is 
transmitted through the dash, floor boards, and associated members. 
Johns-Manville recently has been giving special attention to the question 
of dash insulation, and it is believed that some of the new materials and 


constructions under development will play a useful part in the quieting of 
the automobile. 


designed 


Minimizing Bearing Corrosion 
\ \ J 1TH the experience which has been gained as a result 


of the bearing corrosion troubles, it is now recognized 
that a great deal has been or can be done to minimize the 
likelihood of corrosion in service. The most important are: 

1. The development of new types of bearings (the new 
sandwich bearing) or the special treatment (for example with 
indium) of present bearings. 

2. The improvement of the design of engines to make them 
run cooler and to alleviate bearing loads and strains. 

3. The proper selection and refining of the crude used in the 
manufacture of the oil. 

4. The use of suitable inhibitors. 

In spite of all of the steps which have been taken to mini 
mize the occurrence of bearing corrosion, it is probably impos 
sible to eliminate the phenomenon completely. It will still b 
possible to develop some particular set of operating conditions 
which will be sufficiently severe to cause corrosion. 

At the present time, the alloy bearings are not being used as 
widely as they were several years ago, and the problem even 
without the changes and improvements which have been 
effected by the automotive and petroleum industries is not as 
important as it was. On the other hand, as fuels of better 
antiknock quality gradually become available, it is to be 
expected that the engine manufacturer will make changes in 
his engine design to take advantage of the improved fuel 
characteristics. Such changes may possibly create anew the 
demand for the improved types of bearings. 

Excerpts from the paper: “Bearing Corrosion and Lubri- 
cants,” by F. L. Miller, Standard Oil Development Co., pre- 
sented at the Metropolitan Section Meeting of the Society, 
New York City, March g, 1939. 



































Prospects for Use of “Safety Fuels’ 
in Spark-Ignition Aircraft Engines 


By Frank C. Mock 


Bendix Products Division, Bendix Aviation Corp. 


ECENT developments in fuel-refining proe- 

esses have developed new safety fuels, and 
have revived general interest in the subject, Mr. 
Mock reports. “Safety” or fireproof aircraft 
fuels, he explains, must be less volatile than gaso- 
line and should have a flash point of about 105 F, 
a distillation range between 375 and 475 F, and 
about 87 octane rating. In his paper he summa- 
rizes the program probably necessary before such 
fuels can be employed successfully in every-day 
service operations. 


Three methods of fuel feed are discussed: in- 
jection into the cylinder, into the intake pipes, 
and into the supercharger. Injection into the 
cylinder, he reports, has been tested on a full- 
scale engine on the dynamometer with some suc- 
cess, but it was not flown. Injection into the su- 
percharger, he feels, is attractive because of its 
simplicity. 


Five detail problems are listed: injection equip- 
ment; changes in engine and cylinder; fuel-air 
metering and power control; starting; and instal- 
lation. Of these, Mr. Mock remarks that the 
injection equipment and fuel-air metering and 
power control are well developed; changes in en- 
gine and cylinder have been started; and starting 
remains to be solved. 


He concludes that safety fuel can be used but 
not without considerable research taking three 
or four years, which will eventuate in certain 
changes in engine design. 


T is unnecessary to detail the reasons why fireproof aircraft 
fuel is desired, both in civil and military service. The 
ordinary type of heavy-oil engine with compression igni 
tion is unsatisfactory in its inability to burn its full air charge; 
hence it is heavy for its bmep, limited as to speed and, in 
addition, it is rough. Early efforts to burn a fuel less volatile 





[This paper was presented at the National Aeronautic Meeting of the 
Society, Washington, D. C., March 17, 1939.] 
July, 1939 


than gasoline in a spark-ignition engine were discouraging 
because of the high detonation characteristic of the fuels tried, 
and because heating the charge to obtain vaporization made 
detonation still worse. A few years ago a “safety fuel” was 
found which had a flash point of about 105 F, a distillation 
range between 300 and 475 F, and about 87 octane rating. 
Work was done on this fuel in both Government and private 
laboratories, with the chief definite objective of developing an 
engine and fuel combination suitable for dirigible use. Just 
about the time that these experiments began to show promise, 
there was a lapse in interest in this type of aircraft, and little 
has been done since. Recent developments in fuel-refining 
processes have developed availability of other fuels of these 
characteristics, and have revived general interest in the subject. 
It is the purpose of this report to summarize, from the view 
point of past experience and without going into specific detail, 
the program probably necessary before such fuels can be em 
ployed successfully in everyday service operations. 


Necessity of Fuel Economy 

One point must be emphasized at the outset. All of these 
heavy fuels so far seem inherently to have a lower Btu per |b 
than gasoline; so that they start off with a handicap of 3 to 
7% in specific or pounds per horsepower hour fuel consump 
tion, as compared with gasoline. Any successful development, 
therefore, must achieve as complete combustion of both air 
and fuel charge in the cylinder, and as accurate metering of 
the fuel /air ratio, as are now obtained with the newer gaso 
line carburetor systems, which have shown a definite improve 
ment over previous practice. 


Difficulties Due to Low Volatility 


When a liquid fuel drop contacts any wall, it tends to adhere 
by surface tension, unless the wall temperature is above the 
fuel boiling point and, when on the wall, it cannot burn with 
sufficient rapidity to participate in the engine function. 

With cylinder injection, it has been found generally that 
best results as regards both power and fuel economy are ob 
tained by injecting early on the intake stroke. Hence, the 
penetration ability of the fuel spray is far greater than the 
distance across the cylinder, and the spray is bound to strike 
some boundary wall. But a localized spray should not strike 
the ring-swept bore as, when this action occurs, the oil seal 
around the top rings may break down, giving “blowby,” local 
heating, and gumming around the ring. 

The fact that vaporization can be accomplished by heat 
addition equal to 71% of the heat lost to the cylinder walls 
indicates that this vaporization is easily possible. It further 
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seems that the heat of the exhaust residue left in the cylinder 
at the top of the exhaust stroke should carry about half the 
heat needed for vaporization. It is, therefore, believed that 
getting proper engine operation with this fuel is chiefly a 
. matter of experimental effort and of an intelligent appreciation 
of the conditions involved. 


Increased Cooling Effect 
When a volatile liquid enters a hot chamber or strikes a hot 
wall, it takes up heat until vaporization and an equilibrium 
of vapor pressure are reached. (Provided, of course, that such 
quantity of heat can be rendered available, which is one of the 
problems of light-load operation in this development. I have 
stopped a single-cylinder engine, running smoothly on this 
fuel, by cutting off the injection into its cylinder, taken out a 
spark plug, and found 3/32 in. of fuel lying on the piston!) 
The amount of heat absorbed from the combustion-chamber 
walls of an engine, therefore, increases with the boiling point 
of the fuel, as well as with its specific heat and latent heat of 
vaporization. Experiments with one “safety fuel” showed that 
the heat absorbed in its vaporization would approximate 6 to 
- 74% of the heat loss to the cylinder walls during its combus 
tion. Actually, on one engine whose exhaust valves, although 
salt cooled as to both head and stem, had overheated seriously 
with gasoline carburetion, the y2'ves were held “black” at full 
power by injection of 0.4 of the fuel charge against their 
heads. Similar cooling effect was noted when part of the fuel 
“spray was directed against the piston. It is the author’s belief 
that materially larger pistons and exhaust valves may be used 
successfully by proper use of fuel injection — perhaps to the 
point where the same power output might be obtained from 
18 larger cylinders as would otherwise require 24 cylinders of 
maximum present size. If, however, we concentrate the cool- 
ing effect of injection upon the valves and pistons, the other 
combustion-chamber boundaries may be expected to run 
slightly hotter; but these temperatures are not ordinarily criti 
cal. Even the intake valves may get red hot when no fuel is 
passing them. 


Specific Problems 

Because two major problems — first, that of obtaining ade- 
quate heat for fuel vaporization, second, that of subtracting 
heat trom over-hot parts of the combustion chamber — are 
brought into mutual solution by the use of cylinder injection, 
this method will receive chief attention in this analysis, which 
may be subdivided as follows: 

1. Injection equipment. 

2. Changes in engine and cylinder. 

3. Fuel/air metering and power control. 

4. Starting. 

5. Installation problems. 

Injection into the intake pipes, and into the supercharger, 
also will be discussed. 


Injection Equipment 

We fortunately have a large fund of diesel experience to 
draw from on this subject, and there are at present available 
long-tested light-weight high-speed designs, especially devel- 
oped for aircraft-engine use. Since, as will be brought out 
later, the injection period is not critical so long as it occurs on 
the intake stroke, long fuel lines are not objectionable, pro 
vided “dribble” can be held within reasonable limits, and 
“cyclic variation” avoided; which last can usually be done 
rather easily with stroboscopic equipment and proper tuning 
of the line frequency, nozzle pressure, and injection accelera 
tion rate. 


Because of the need tor coordination of the pump delivery 
with the air throttling means, and because more than one 
pump unit possibly may be needed on the same engine, it ts 
necessary that each pump carry, and be uniformly calibrated 
to, an external scale indicating the fuel charge delivered at 
each position of the pump control; adaptation will be much 
easier if the “volumetric efficiency” of the pump is nearly con 
stant through the major operating range. 

| might point out that this requirement indirectly intro 
duces another one of structural nature —that no lapped-tfit 
cylinder member of the pump be positively driven. Nearly any 
fit close enough to exclude fuel leakage is, if positively driven, 
in an unstable condition as regards friction and attendant local 
temperature rise. Any slight but quick increase in friction 
tends to expand the metal locally and reduce the clearance 
which, in turn, increases the friction still more, and so on; the 
physical margin between a lapped fit that will not seize and 
one that will not leak is a very tew hundred thousandths of 
an inch. This is the fundamental reason why, in nearly 50 yr 
ot use, the reciprocating lapped pump, with plunger spring 
return, has been used so widely, even for diesels where some 
pump leakage could be tolerated. 


Engine and Cylinder Requirements 


Our engineering literature carries a number of reports ol 
tests (mainly on single-cylinder engines) with injection and 
“safety fuel.” In a number of these tests the results compare 
poorly with those with gasoline and a carburetor, or no such 
comparisons are given. It is the author's firm certainty, main 
tained in the face ot general wishful thinking to the contrary, 
that satisfactory operation cannot be obtained with “safety 
fuel” in any present engine without changes to affect the 
turbulence and temperature distribution, and that any attempts 
otherwise will be wasted effort, as has been demonstrated often 
in the past. 

On this basis, the first item of a “safety-fuel” program, 
chronologically as well as in order of importance, is establish 
ment of satisfactory performance on a single-cylinder engine. 
To obtain a standard of performance, a properly proportioned 
carburetor should be used with gasoline, discharging directly 
toward the intake port, and with an upturned entrance stack 
to return the fuel “blown back,” or a pressure carburetor may 
be used. 

The runs should be made at all speeds, loads, and tempera 
ture conditions that will be encountered in service operation. 
“Fish-hook curves” of fuel consumption versus torque should 
be developed carefully and rechecked. The torque versus ait 
consumption should be considered, by manifold pressure read 
ings if not otherwise, and at cruising powers equivalent fuel 
consumptions should be obtained regularly at the same au 
flow. Although it may seem possible to show specific con 
sumption with injection equal to that obtained with a carbu 
retor and gasoline by opening the throttle further than neces 
sary with the carburetor, the service operation probably will 
not be satisfactory unless equal torques are obtainable at equal 
manifold pressures. 

As previously suggested, special attention should be given to 
“cool” engine operation, and to determine the ability to “pick 
up load” after a long cooling glide to a landing. It probably 
will be found that mixture enrichment will be necessary at low 
temperatures, as on automobile carburetors. Approximate 
measurements of piston-head temperature may be made by 
inserting plugs of metal fusible at different temperatures and 
noting their relative appearance after operation at each ‘speci 
fied load, temperature, and so on. This test is particularly 
informative when the fusing points used are those of the mini 


mum temperature of fuel evaporation, or the lower fractional! 
boiling points. 
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Injection Into the Cylinder 


A standard torm of radial air-cooled engine, modihed to 
operate on gasoline injection but without special provision for 
maintaining any given minimum temperature, has been oper 
ated on dynamometer on safety fuel, supposedly ot 87 octane 
number, with some success, although detailed reports may not 
be given here. The specific fuel consumption compared favor 
ably with that on gasoline, after making allowance for the 
diflerence in Btu per Ib. The engine apparently ran normally 
at cruising and full load. There was a tendency toward smoke 
in the exhaust the moment the fuel /air ratio passed the leanest 
mixture of full power, which condition was encountered often 
during the test because the fuel pump and control were cali 
brated for gasoline and the safety fuel was of nearly 15% 
greater density, so that proper settings had to be made manu 
ally, and individually at each power and throttle setting. | 
would say that this experience was a demonstration of prog 
ress, but not conclusive proof of capability for service use. 

Another series of tests on a Prestone-cooled single-cylinde: 
engine indicated what might be termed a satisfactory degre« 
of stability as regards vaporization, and consistently proper 
operation. It was necessary, however, to raise the lower limit 
of temperature of the piston top and use this as a “hot-spot” 
since the other combustion-chamber walls ran below the boil 
ing point of the fuel, and cooler, of course, than with this 
air-cooled engine previously mentioned. 


Injection Into the Intake Pipes 


So far as I know, no detailed test of this arrangement has 
been made upon a full-scale complete engine. It may be 
expected that the difficulties previously enumerated also will 
be present here, and be subject to less positive control. In 
addition, “chronological distribution” in the cylinder will 
become a problem, that is, either the period of fuel discharg: 
must coincide with the period of air flow, or “mixing” turbu 
lence must be arranged in the cylinder to diffuse the carbu 
reted and non-carbureted portions of the air charge. 

It should be understood, that during throttled operation, 
whenever the exhaust pressure is higher than that of the 
intake manitold, exhaust flows out of the cylinder when the 
intake valve first opens, and flow back into the cylinder does 
not start until later. The injection period cannot be coordi 
nated with the volume of fuel charge, since this same tuel 
quantity may be used either throttled at sea level, or unthrot 
tled at high altitude. Obviously single-cylinder engine tests do 
not afford much aid in dealing with this problem. 


Fuel Air Metering and Power Control 
r 


Assuming that our engine in its final multicylinder form 
has been made capable of operating economically on this fuel, 
we next have the problem of maintaining the correct air/fuel 
ratio. The requirements will be those of present carburetors, 
namely: rich for idle; lean for cruise; and rich for take-off. In 
addition, manual enrichment over these values probably will 
be necessary for stable operation while the engine is cold. 
“Acceleration” should not be a point of difficulty. 

A control meeting these requirements, it is believed, has 
been worked out and checked by several years of test; it is 
fully automatic as to altitude and temperature effects, and 
incorporates a “boost control” effect. 


Starting 
This is perhaps the furthest from solution of all the prob- 
lems here listed. One reason why more progress has not been 
made was because it was so easy to start on gasoline. Given 
one tablespoonful of gasoline prime for each cylinder, by the 


AIRCRAFT SAFETY FUELS 


time this prime was exhausted, the engine would be firing on 
the “safety fuel,” some enrichment of the fuel/air ratio being 
required temporarily. 

To actually start on “satety fuel” alone is not easy. It has 
been claimed that starting is possible by injecting toward the 
spark plugs with the customary single spark. We couldn't; 
the plugs usually fouled with liquid fuel. We even tried build 
ing special plugs with liquid jackets and ran hot Prestonc 
through them for starting; but they were no great help, 
although this system did keep them from overheating at high 
power output. 


ig 


A fixed gas might be used for starting. Several ot these arc 
available, and their container should not be prohibitively 
heavy. We also made a small starting carburetor, electrically 
heated, but it required the current that our calculations had 
indicated, which was too much, just as we had expected it 
would be. 

It should be possible to apply a fuel burner as a starting 
heater, perhaps along the lines of the Packard Fuelizer of 
some years back. To start the starting heater, we might bo 
row from house furnace oil burner practice, using a small 
blower for air supply, a high wattage repeating spark for 
ignition, and discharging the products of combustion into the 
engine exhaust pipe until the engine started to turn over, 
alter which they might be drawn into the intake manifold. 

These are only a few of the means which might be em 


ployed, and it does not seem that this problem should remain 
long unsolved. 


Installation of Injection Equipment 


The chiet difficulties here are in providing the drive for the 
pump or pumps, also of getting the nozzles located in the 
cylinders. The present fuel-supply pump will have to be 
retained, with an overflow vent back to the service tank to 
avoid air locks in the fuel system during starting and after 
changing over from one empty to another full tank. The 
intake air scoop will require the same protection against heavy 
rain and sleet that is now provided with non-icing carburetors. 


A source of oil pressure must be provided to operate the 
throttle servo control. 


Conclusion 


It seems reasonably certain that fuel of this volatility can be 
used successfully by injection into the cylinder, and possibly 
by injection into the supercharger. 

As we appraise the work remaining before “safety fuel” can 
attain active service status, we observe that the fuel 
have done their share —the fuel is available. The accessory 
builders have assumed their portion of responsibility — satis 
factory injection pumps and control devices may be purchased. 
In the problem of cylinder and engine adaptation, the pre 
liminary work has been done by independent laboratories, but 
the main duty of completion, in the writer’s estimation, can 
be performed only by the engine companies — they are the only 
organizations that “have what it takes.” And, after these 
complete engines have passed the routine endurance dyna 
mometer and fuel-economy test, flight experience must be 
accumulated. 


refineries 


The estimate is offered tentatively, that final development 
of the complete engine, by the competent engineering staff of 
one of our large engine companies, would require at least 21, 
yr: say g months on the single-cylinder stand, an equal time 
on the first multicylinder form, and the remainder on correc- 
tion of details. The following flight-test program might con 
sume 1 to 14 yr, depending upon how complete the engine 
laboratory tests had been. The fuel consumption in pounds 
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per horsepower will depend upon the calorific value of the 
fuel; so far this factor has been slightly less favorable than for 
gasoline. 


Is all this too high a price to pay for abolishing, or at least 
greatly diminishing, the potential fire risk of our airplanes? 


Discussion 


Ignition Temperatures of 
Aircraft Combustible Liquids 


—Graham Edgar 
Ethyl Gasoline Corp. 


HE question, of course, arises as to how safe is safety fuel. Aircraft 

fires can start from air-fuel vapor ignited by a spark or an open flame, 
and the flash point of the fuel is a reasonable measure of the ease with 
which such air-fuel vapor mixtures are formed. Part of the fire hazard in 
aircraft also arises from the spontaneous ignition of fuel, lubricating oil, 
and other combustible liquids on exhaust pipes and other hot parts of the 
engine exterior in the absence of flame or sparks. 

Our laboratories have made some measurements of the spontaneous 
ignition temperature of a number of combustible liquids used in aircraft 
and have used a modified Moore apparatus for this purpose. The operat- 
ing conditions are quite arbitrary and the results, which must be regarded 
as preliminary, are as follows: 


Spontaneous Ignition 
Temperature, F 


Description of Liquid No Ignition Ignition 
Cetane — technical 250-440 460- 530 
540-600 620- 700 

710-740 750-1030 

Certified n-heptane 250-470 490- 530 


540-760 790-1030 


Certified iso-octane 250-960 970-1030 


Paraffinic safety fuel — unleaded, 99 octane num- 


ber 250-920 930-1030 
Aromatic safety fuel — unleaded, 75 octane num- 

ber 250-770 790-1030 
Aviation gasoline — leaded, 100 octane number 250-940 960-1030 
Water white kerosene (fly spray) 250-500 520- 580 


52 cetane number 
No. 1 Mid-Continent fuel oil 


600-770 790-1030 


250-490 §30- 650 
48 cetane number 670-750 760-1030 
SAE 60 aircraft lubricating oi! — Mid-Continent 

solvent-extracted 250-740 750-1030 

It will be noted that, in the case of some liquids, the lowest ignition 
temperature is followed by zones of non-ignition at higher temperatures. 
Similar phenomena have been obtained with other types of apparatus and 


have been described in the literature. 


Several Starting 
Methods Suggested 
—S. D. Heron 


Ethyl Gasoline Corp. 


HE author states that all safety fuels have, to date, had lower heats of 
combustion than gasolines. Safety fuels of high octane number having 
calorific values equal to aviation gasoline are now available, and it is 
believed that other members of the petroleum industry can give details. 
Measurement of piston temperature with fusible plugs is likely to be 
misleading. The fusible-plug alloys soften considerably at temperatures 
well under their melting points, and the inertia forces on the pistons may 
deform the plugs and give the appearance of melting without it having 
occurred. There have been cases where temperatures of aluminum pis 
tons, as determined by fusible plugs, were in excess of the melting point 
of the piston alloy. 


Mr. Mock points out the difficulties to be faced in developing methods 


which will produce satisfactory starting with engines operated on safety 
fuel. If volatile fuels such as gasoline are to be used, they will need to be 
carried in crash-proof containers if the reduced fire hazard of safety fuel 
is to be retained. If crash-proof tanks are used, it will be possible to 
employ starting fuels which may be both more volatile and have 
greater range of combustibility than gasolines. 


a 
Some of the oxygenated 
fuels such as ethyl ether have much wider inflammability limits than 
gasolines, and this is the apparent reason for the use of ethyl ether for 
starting gasoline engines at very low temperatures. There would appear 
to be reason to consider carrying a small electrically heated cracking unit 
which would crack safety fuel or engine lubricating oil to fixed gases. 
Such a unit might weigh no more than a supply of special starting fuel 
and would obviate the need for two fuels. Some of the fixed gases pro 
duced by cracking, such as ethylene, have very 


wide limits of com 
bustibility. 


We have carried out some work on safety fuel in our laboratories with 
a supercharged CFR engine equipped with manifold fuel injection. ‘These 
tests have shown that, with safety fuel having the same calorific value as 
gasoline, both the output and specific fuel consumption obtained with 
gasoline can be duplicated with safety fuel if either a high cylinder or a 
high intake air temperature is used with both fuels. With both low 
cylinder and intake air temperatures fuel consumption is considerably, 
and power slightly, lower than with gasoline. With both high cylinde: 
and intake air temperatures mixture loops with both aromatic and paraf 
finic safety fuels have shown equally as good minimum heat consump 
tions as can be obtained with gasolines of similar octane number. 

The author states his firm conviction that the successful use of safet 
fuel will necessitate the development of special cylinders embodying 
type of turbulence not used in present gasoline practice. Unfortunatel 
the aircraft-engine engineer has little available data as to the effects of 
turbulence. Our 


a 


laboratories, however, have carried out some work 
which has indicated that at high cylinder temperatures exceedingly high 
turbulence may limit engine output by promoting knocking. 

It is probable that the use of safety fuel may introduce problems in 
connection with opening up an engine at the end of 
not impossible, ot course, 


a long glide. It is 
that the problems introduced by the reduced 
volatility of the fuel may be counteracted by the fact that the problem ot 
distribution will be practically non-existent with fuel injection. However, 
if the problem should prove serious, it would seem that it can be mini 
mized by modifying methods of engine operation in flight. It would 
seem that it would be desirable to glide with the propellers set in low 
pitch since this operation would result in increasing the compression ratio 
of the supercharger and thus increasing the temperature of the air deliv 
ered to the intake ports. 

It would appear that, with fuel injection, it should be relatively easy to 
equip the fuel-injection pumps so that they can function as flowmeters. 
If pump stroke and engine rpm are known, it would seem that it would 
be possible to compute fuel flow within very accurate limits. This use of 
a tuel pump should be of considerable advantage for long-range flights 
and, in conjunction with torque meters, should enable a very accurat 
control of fuel consumption to be obtained. 


Flying Experience 
with Fuel Injection 


— Paul Kanuit 
Ethyl Gasoline Corp. 


HE question has been brought out: ““Why fuel injection at all?’ This 

query brought to the author’s mind the feeling of satisfaction and 
confidence experienced a few years ago while flying a fuel-injection sys- 
tem on one of the major airlines. The company had one airplane 
equipped with experimental fuel injection which it was my good fortune 
to pilot for a number of trips. 

At that time the airport fields were rough and the carburetor floats 
bounced up and down so hard that they caused cutting out and som« 
times complete engine failure at most inopportune times during take-off. 
But not with fuel injection. When the throttle was opened the motor 
ran, bumps or no bumps; no more worry about fences, parked automo- 
biles, and trees, to say nothing of high-tension lines, on take-off. Intake 
carburetor icing also was one of the pilot’s major worries and required 
continual attention in bad weather, taking time from numerous other 
observations which were then necessary when flying blind. The carburetor 
air heaters prevalent in those days, in many cases, resulted in an undesir- 
able and considerable loss of power in order either to remove ice ot 
obviate its formation. With fuel injection, however, the problem was 
non-existent and could be forgotten comfortably. 


In addition to the direct technical reductions in the hazards of aircraft 
operation brought about by safety fuel and other developments, there are 
indirect reductions brought about by improvement in the pilot’s peace of 
mind. The more the pilot can keep his mind completely on flying the 
airplane and the less he worries about possible hazards arising from his 
equipment, the greater will be the overall safety of operation. 



































The Trend in Poppet Valves 


By A. T. 


Colwell 


Vice President, Thompson Products, Inc. 


HE trend in poppet valves during the past 

year, like many other advances in science, Mr. 
Colwell points out, has been an improvement 
upon existing performance, rather than an en- 
tirely new development. To effect a steady im- 
provement in existing designs, the study of funda- 
mentals, such as grain flow, structure, forging tem- 
peratures, coolants, and interior construction, has 
been resorted to, and thorough research on valve 
steels has been carried out, he reports. In the 
study of valve steel, 300 analyses were examined; 
intensive work was done on 20; and 4 showed 
definite merit, he says. 


Grain flows in aircraft valves made by the ex- 
trusion and gather-upset processes are compared. 
Results of an investigation of sodium cooling and 
head designs of aircraft valves by means of glass 
valves are reported and illustrated. Four out- 
standing automotive valve steels are analyzed 
chemically and physically — Silerome No. 1, Sil- 
crome XB, Silcrome X-10, and Silerome XCR. 
Mr. Colwell also discusses rotating valves, sticking 
valves, valve guides, grain flow, valve-seat inserts. 
valve retainer locks, “superfinish,” and surface 
treatment. 


ANY advances were made in science in 1938, with 
some unusual results. For instance: 
A fighting plane averaged 394 mph. 
Bombers flew non-stop 7162 miles. 
Airplanes reached a ceiling of 56,016 ft. 
A racing car traveled 1 mile at 357 mph. 
Hughes went around the world in record time. 
The Atlantic was crossed in 3 days, 21 hr. 
The absolute altimeter and the automatic direction finder 
were developed. 
The feathering propeller was introduced, probably the great- 
est single contribution to aircraft for many years. 
A new method of polymerizing gasoline was announced. 
Two new satellites of Jupiter were discovered. 
Many more such data might be cited but, in general, the 
foregoing list has one thing in common: the advance is an 
improvement upon existing performance, rather than an en- 


[This paper was presented at the Indiana Section Meeting of the Society, 
Indianapolis, Ind., Feb. 9, 1939.] 
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tirely new development. The trend in poppet valves falls into 
this classification during the past year. No radical departure 
in design has been found, but a steady improvement in exist 
ing designs has occurred. The study of fundamentals has 
been resorted to, such as grain flow, structure, forging temper- 
atures, the optimum amount of coolant in aircraft valves, and 
interior construction, 

Coupled with this work has been a deep and thorough 
study of valve steel for, at the present time, steel offers the 
greatest chance for improved performance. In the neighbor 
hood of 300 analyses have been examined, with intensive work 
done on some 20 and, from these, perhaps 4 show definite 
merit. 

Formerly, writers usually started a valve article by listing 
all the necessary properties of a valve steel. The method of 
testing a valve steel has changed radically in the last few years. 
No steel ever has been found to meet the requirements usually 
listed, and we therefore proceed in a somewhat different 
manner. The desired qualities are a laboratory guide as to the 
advisability of field testing, where empirically a steel proves 
itself. Some of our best steels today have properties which we 
thought a few years ago definitely would prevent their use as 
a valve steel. 


Aircraft Valves 
The aircraft exhaust-valve steel of today has been fortified 
on its working surfaces to the extent that the steel is simply a 
carrier for the improvements. In Fig. 1, the base steel is TPA, 
a high chrome-nickel austenitic steel; the tip is high-carbon 
tool steel; the seat is puddled Stellite and the stem is nitrided; 
the cavity carries metallic sodium as a coolant. This seems a 





Fig. | —Section of a hollow-head aircraft exhaust valve that 
has a TPA base steel, Stellited seat, nitrided stem, and high- 
carbon tool steel tip 
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Fig. 2 — Typical grain flow in an extruded aircraft intake valve 


long way around to get a satisfactory valve, but its dependa 
bility is unquestioned. These valves operate over 5000 hr 
without trouble, and such dependable operation is unknown 
any place else in the world today. 


Fig. 4— Normal microstructure of aircraft valve steel 


These exhaust valves are all made by the extrusion process, 
Figs. 2 and 3 show typical grain flow in the process. Compare 
this flow with the corkscrew flow of the gather-upset method 
shown in Fig. 16. The grain flow of the extruded torging is 
definitely superior. Careful heat-treatment and control of 
forging temperature are maintained to get proper grain size 
and structure. This type of steel is subject to intergranular 
corrosion, and rigid control is necessary in its fabrication. 
Fig. 4 shows normal structure, while Fig. 5 shows the dreaded 
carbide precipitation and consequent embrittlement. Further, 
under certain conditions, the sodium coolant will attack the 
interior of the valve, causing failure. We now know the con 
ditions leading to this type of attack, and carefully guard 
against them. 

J. B. Macauley, Jr., of Chrysler Corp., explains the difference 
between aircraft valve operation today and that during the 
War. He was engineer officer for a squadron of Hispano 
motors during the War. The proper time to grind valves was 
determined as follows: 

When a plane taxied across the field, if two valves could be 
heard wheezing distinctly, it was time to grind. And this 
time would be from 14 hr, minimum, to 100 hr, maximum, 


of operation. One side-slip and all the valves could be badly 
warped. 





Fig. 5— Microstructure showing carbide precipitation in air- 
craft valve steel 
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Coolant 80‘% of cavity volume 


Fig. 6—-Circula- 
tion in stem and 
head. The dark 
area in the head 
indicates poor 
circulation 


Fig. 8 —Circula- 
tion in the head. 
The lower view is 
a reflected image 
in @ mirror 
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Coolant 40% of cavity volume 


Fig. 7 - Very 

complete circu- 

lation in stem 
and head 


Fig. 9-—Circula- 
tion in head 


Figs. 6, 7, 8, and 9-—Four views of glass valve running at engine speed of 1984 rpm, head 
down — 26 deg below horizontal 


Performance Data of Aircraft Engines 

To appreciate better the reliability of today’s aircraft engine, 
some unusual performance data are listed: 

The propeller tip speed is about 1000 fps; it must be less 
than the speed of sound, thus introducing a size problem. 

Tip speed of the supercharger impeller is greater than that 
of a 0.45-in. caliber pistol bullet — 800 fps. 

In flying from New York to San Francisco, the propeller tip 
travels about gooo miles, the piston 400 miles, the supercharger 
impeller tip 7000 miles, the valve 14 miles. 

Each engine uses over 30 tons of air, the displacement being 
1823 cu in. 

At maximum power each valve handles about 120 hp. 


Between overhauls a valve operates over 30,000,000 times. 

The supercharger raises the inlet air temperature to about 
220 F. 

The foregoing data give some indication as to why so much 
care is put on the manufacture of aircraft parts; some of the 
hgures seem almost astronomical. 


Sodium Cooling 


Quite often we are asked how sodium cools a valve. S. D. 
Heron, the inventor, first explained it in his patent applica- 
tion. The sodium melts at about 200 F and, at elevated tem 
perature, has about the consistency of kerosene. As the valve 
reciprocates, the liquid is agitated — just as water would be in 
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Fig. 10-This cracked 
valve head was 
caused by too low 
forging temperature 





a test tube violently shaken in the hand. Sodium is a good 
conductor of heat and wets the surface of the steel. It absorbs 
heat from the hot head and delivers the heat to the cooler 
guide, thus cooling the valve by convection. 

At present we are investigating convection in some new 
head designs. To do this work, glass valves are made and 
actually run on an aircraft camshaft in various positions, high 





Fig. 12—The condition of the valve seat of a slowly rotating 
valve (left) is compared with that of a non-rotating valve 


and low speed, and with various coolant contents. The posi- 
tion in which the valves operate apparently has no influence 
on the cooling. The amount of coolant content and the cavity 
design quite definitely affect the convection. 

Figs. 6, 7, 8, and g show some pictures taken at operating 
speed, and have given us some interesting data. For instance, 
notice the dead spot in Fig. 6, with 80% sodium and the 
much better cooling with 40%, in Fig. 7. The dark spot indi- 
cates that the sodium was not circulating properly. These 
illustrations are stills made from a motion picture. 

Aircraft-engine builders have contributed greatly to the im 
proved valve performance. Good cylinder designs, steel seat 
inserts, bronze guides, forced and metered lubrication, excel- 
lent alignment and finish of all parts, and good cam design, 
have greatly aided valve performance. Increased speed, power, 
compression ratios, and supercharging have made valve opera 
tion more difficult but, even so, aircraft valves are on the plus 
side for performance. 


Automotive Valves 


Considering automotive valves for a moment, the problem 
is really more difficult than aircraft. In the latter case, the 
aircraft engineer may use any means available to get depend- 
able performance. As opposed to this condition, the automo- 


tive engine designer usually is working to a budget. In one 
case, we try to build the valve better; in the other case, 
cheaper. 

We are able to do even less with valve design in the auto 
motive field. Most design work is applied to adjacent parts, 
such as the seat insert, block cooling, exhaust passage, guide 
cooling, springs, and the cam. Most actual valve work centers 
on material, and real progress is being made there. 

Automotive Valve Steels 

For many years the standard automotive valve material has 
been Silcrome No. 1. But some five years ago it became evi 
dent that Silcrome was no longer good enough in some truck 
and bus motors, and this was also the danger signal for 
automobile engines. Some very serious research work was 
started to find a steel to replace Silcrome, for it no longer had 
satisfactory strength, oxidation or corrosion resistance for the 
newer engines. In this study a tremendous number of steel 
analyses were studied, falling into the two older groups ot 
hardenable and non-hardenable (or austenitic); and a new 
group, about which we do not know too much as yet, but 
which is probably in the precipitation-hardening group. 

1. The Hardenable Group — Each group has its good points 
and bad points. The hardenable group can be made oxida 
tion- and corrosion-resistant; can be tip-hardened for tappet 
wear; is easy to machine and grind; has a low coefficient 
of expansion; but this group is deficient in hot-strength 
properties. 

2. The Austenitic Group-—The austenitic group can be 
given good oxidation- and corrosion resistance and has excel 
lent hot strength; but it is more difficult to forge and machine; 
cannot be hardened; is subject to carbide precipitation; usually 
pits badly on the seat; and has a high coefficient of expansion. 

3. The Precipitation-Hardening Group — The precipitation 


Fig. 1! —Slow rotation of 

the valve is caused by 

this specially developed 
valve-spring cap 
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Fig. 14 (right)-—The serrated | } Ni 
valve stem, as shown, in some | 
cases is very effective in prevent- IN . 
ing a build-up on the valve stem | | NI ; , 
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Fig. 15- Good port design for guide bearing and cooling 
includes sweeping valve ports with the guide flush with the 
boss, as shown 
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hardening group can be given excellent oxidation and corro 
sion resistance; hard seat, stem, and tip; good hot strength 
Its coefficient of expansion is higher than Silcrome No. 1, but 
lower than the austenitic group. But it is difficult to forge and 
machine, and is low in impact value unless carefully handled. 

Thus it can be seen that any valve steel is a compromise, the 
<teel being selected for the qualities most needed in any par- 
ticular job. Three steels have practically replaced all Silcrome 
No. 1, which has been universally used. The analyses and 
physicals are as shown in Table 1 on page 301. 

A. Silcrome XB — The XB steel is of the ferritic, hardenable 
type and can be hardened to 65 plus, scleroscope, thus giving 
the hard tip which is desirable. Its strength at heat is appre 
ciably higher than No. 1 Silcrome, but not as high as the 
Fig. 13 (left) - The austenitic steels. The critical temperature is lower than No. 1 
badly worn seat of Silcrome, which is undesirable, but all other properties are 
this aircraft intake . ‘ ie . 

vil wan; anita tes superior, and valves have so proved in actual test. 

a spinning valve It has excellent corrosion and oxidation resistance, closely 
approximating the austenitic steels, wears well, gives good seat 
and stem performance, forges and machines easily, and is 


























Fig. 16 (right)-—Grain flow in 
valves made by the gather-upset 
process 
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Fig. 17-— Grain flow in valves made by electric-upset 
process 


distinctly superior to No. 1 Silcrome. Its use is in automobile 
motors. Its maximum hardness is slightly under Silcrome 


No. 1. 


The price of the steel is comparable to Silcrome, thus giving 


Fig. 18-—Grain flow in valves 
made by the extrusion process 


a higher-quality valve at approximately the same price. This 
steel is recommended for those automobiles and light trucks 
now using Silcrome No. 1 where better quality is necessary or 
desirable with no increase in price. It is now used by Autocar, 
Suick, Buda, Chevrolet, Chrysler, Continental, 

Graham-Paige, International Harvester, and Pontiac. 


Hudson, 





Fig. 19-—End grain on the valve seat, as shown, is detrimental 
and to be avoided 








The steel has the same coefhcient of expansion as Silcrome 
and therefore can use the same tappet and guide clearance. 
We do not recommend a Stellite seat on this type of steel. 

B. Silcrome X-10 — Silcrome X-10 is a low-priced, austenitic 
steel which excels Silcrome No. 1 in hot strength and impact 
value, hot hardness, corrosion and oxidation resistance. It 
cannot be hardened by heat-treatment, but does harden me 
chanically to 45-50 scleroscope. For L-head engines, no addi 
tional tip is necessary but, for overhead engines, a welded tip 
of THC is recommended. 

The coefhicient of expansion of Silcrome X-10, and austenitic 
steels in general, is about 50% greater than Silcrome No. 1, 
which is 0.0000078 in. per in. per deg F. Cam design will 
dictate the added clearance necessary. The important point is 
to determine how much clearance is left with Silcrome No. 1 
when the engine is working hard. Dependent on this figure, 
the clearance for austenitic steel in that particular engine 
should be set. We have had some tests run with the same 
clearance on both X-ro and Silcrome No. 1 with good results. 
Other tests needed additional tappet clearance. 

In general, the guide clearance need not be changed with 
austenitic steel. The linear expansion of the average austenitic 





stem at its Operating temperature, over Silcrome No. 1, is not 
appreciable. We would recommend a tolerance of 0.001 to 
0.0015 in. clearance per 0.1 in. of stem diameter for truck use. 
This value may be reduced for most passenger cars. If wide 
tappet clearance is necessary, complaint of noise may be occa 
sioned in automobile engines. This steel is apt to show pitted 
seats and scuffed stems, but it generally has less defects after 
rolling than the hardenable steels. Valves made of this steel 
deteriorate rapidly if held off the seat, but perform well when 
properly seated. It has no critical temperature, and hence the 
tendency to warp is minimized. 

We recommend Silcrome X-10 for heavy-duty automobile 
engines and light trucks. The very fine strength at heat 1s 
particularly valuable where breakage is encountered with 
Silcrome No. 1. 

This steel is now used by Ford, Chrysler, and White. 
Valves made of this steel are somewhat more expensive than 
those of Silcrome No. 1. If Stellite seats are desired, this steel 
is far superior to Silcrome No. 1 or XB for that purpose, as it 
does not air-harden. 

C. Silcrome XCR — Silcrome XCR is the best ot the present 
automotive valve steels, but is more expensive than the other 
types listed. A glance at the analysis will indicate this con 
dition. It has the ferritic property of hardenability, with the 
austenitic property of high strength at heat. It falls definitely 
into neither class. The analysis would indicate that it is 
austenitic; yet it can be hardened with a 14-hr draw at 1450 F. 
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Table |—Analyses and Physical Properties of Valve Steels 
Analyses 


Silcrome No. 1 Silcrome XB 


Carbon 0.40- 0.50 0.60- 0.86 
Manganes¢ 0.20- 0.60 0.20 >. 
Phosphorus 0.02 Maximum 

Sulphur 0.02 Maximum 

Silicon 3.00- 3.50 1.2$- 295 
Chromium 8.00- 9.00 19.00-23.0¢ 
Nickel 1.00- 2.00 


Silcrome No. X-10 Silcrome XCR 


Carbon .20- 0.45 0.40- 0.51 
Manganes 0.80- 1.30 1.04 Maximum 
Phosphoru 03 Maximus 0.035 Maximum 
Sulphur 0.03 Maximum 25 Maximum 
Silicon 2.50- 3.25 1.00 Maximum 
Chromium 17.50-20.5 22.25-24.25 
Nic kel 7 Ot 9.0% 4.50- 5.06 
Molybae num 2.50 2 
P] Sle ro tic 
Silcrom« 
X-1' 
Austenitic, 
Silcrom Silcrom Non Silcrom 
No. 1 XB Hardenabk XCR 
Ferritc Ferritic by Heat- Precipitation 
yy Hardenable Hardenabk Treatment Hardenabk 
Hot workability Good Good Good Fau 
Hot Extrusion Good Good Fau Fau 
Machinability Good Good Pau Poor 


*Hot Strength, 
lb per sq in. at 

1600 F 469 702 17,50 2 
Scaling Temper 
ature, F 
Maximum 
Hardness 


C. Rockwell s6 = 45 = 


Coefhicient of 


Expansion 000078 -8 ( O11 ) 
Warpag« Poor C,00d Good Excellent 
Stainless 

Propertic Fai Excellent Verv Good Excellent 
Corrosiot 

Resistanc Poot hx nt Fai Excellent 

* The hot strength is given by slow pull, which is the proper method 

The values are lower than are often quoted on Silcrome, but are accurate 

\ll these values are much higher on a fast pull 


We are not sure just what causes the hardening, but it is prob 
ably some form of precipitation. It shrinks during hardening 
about 0.002 in. per in. of length. Valves must be calculated 
carefully for this reason, to locate retainer necks. Repeated 
heatings do not affect the steel appreciably; our tests caused a 
slight additional hardening. XCR maintains its hardness at 
heat remarkably well at 1600 F, having 210 Brinell, as com 
pared with 85 on Silcrome No. 1 and 110 on Silcrome XB. 
It has an ultimate strength of about 20,000 lb per sq in. at 
t600 F., 

Valves made from XCR are hardened all over to scleroscope 
45-58. The seat hardness is apparently beneficial. The co 
efhcient of expansion is under that of austenitic steel, and 
about 25% 
tappet clearance can be close to Silcrome No. 1 and XB. 

Silcrome XCR has excellent corrosion and oxidation resis 


tance, good hot strength. The hard seat and steam wear excep 


tionally well, in fact, the seats look more nearly like Stellite 


than any other valve material. We attribute this good seat 


performance to the hardness. The impact value is not high, 
being considerably under that of Silcrome No. 1 and Silcrome 
XB, and far below the austenitics; the steel must, therefore, be 


more than Silcrome No. 1 and XB; hence the 
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handled carefully, both at the mill and in manutacture. The 
low-carbon type gives best hardness, but the higher carbon 
gives better impact value. The scale of XCR is tightly ad 
herent, which is a desirable quality. 

We recommend Silcrome XCR for jobs where hot strength 
and corrosion resistance are needed, with good seating 
properties. 

Inasmuch as this is a new type of steel as used for valves, 
there are some interesting points connected with its develop 
ment. Its hardenability was discovered by accident. A bar 
happened to be left on the hearth of a furnace for a long time. 
A workman later tried to cut it, but being unable to do so, 
reported to his metallurgist that the steel was hard — it would 
not cut. The metallurgist replied that the steel could not be 
hardened. The workman replied: “Perhaps not, but here it 
is — hard,” and it was. 

The steel must be forged within a 25-F range; if overheated, 
it loses the ability to harden; if forged too cold, it tends to 
shatter. Fig. ro illustrates an example of shattering in a valve 
forging caused by forging at too low temperatures. The anal 
ysis and treatment must be watched carefully to give proper 
impact value. Although hard, it is very difficult to grind. 
When processed carefully, however, this is the best valve steel 
available. It is magnetic when soft and non-magnetic when 
hard. 

Some of the successful applications of XCR have upset our 
previous valve theories. 

The steel has been adopted by Allis Chalmers, Autocar, 
Chrysler, [nternational Harvester, Oldsmobile, and Sterling 
Engine, and has been approved by several other manufac 
turers. The performance of this steel indicates that a hard 
seat is desirable. 

Several other austenitic analyses are used to a limited extent. 
The Aerotype or heavy-duty valve is aircraft TPA steel with a 
Stellite seat. It is the best heavy-duty valve available, but is 
expensive. 2112 is another austenitic steel used to a limited 
extent. 


Rotating Valves 


Some time ago the Ethyl Gasoline Corp. ran a test on a 
controlled, slowly rotating valve. The result was particularly 
good. We repeated these tests, and got good results. A device 
has been developed which causes the valve to rotate slowly, 
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Fig. 20 —This grain flow was produced in a valve by machin- 
ing too much from the forging 
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which is shown in Fig. 11. Its design is such that the retainer 
cap is slightly longer than the valve stem; hence, when the 
tappet makes contact, the spring is compressed before the valve 
starts to lift, and the valve is then entirely free, and takes a 
slowly turning motion from the tappet. Fig. 12 shows the 
result of a test with and without the device. Our tests indicate 
that the rotating valve has a definitely better seat, but works 
best with a hard-seat valve, such as XCR or the Stellited 
Aerotype. This device is quite new, but a number of valves 
are on field test at the present time. 

We do not mean a spinning valve, as this action will give a 
seat like that shown in Fig. 13. 


Sticking Valves 


Sticking valves are a source of much trouble. A build-up 
occurs on the valve stem at the top of the guide, and gradually 
increases until the valve is held open. The build-up is stewed 
oil, in which solid carbon and other particles collect, all form- 
ing a hard mass on the stem. This build-up is a function of 
temperature, quality of fuel, and oil. The build-up is bad if 
the temperature is within a critical range for the conditions 
present. This result is shown by the following data, given 
through the courtesy of T. B. Rendel and F. L. Garton, of the 
Shell Oil Co. This test was made’ by spraying lubricating oil 
against a heated iron plate provided with a thermocouple. 


Temperature, F Residue, mg 


527 O 
572 220 
617 1590 
662 2020 
707 1900 
752 1300 


The deposits reached a maximum around 660 F, which was 
critical for these conditions. Since this critical temperature 





varies with engine design and oil, the same device does not 
help in all cases, but some one of the following methods 
usually helps: 


1. Cut guide flush at boss. 


Nv 


. Relieve valve stem or counterbore guide. 

3. The rotating valve is especially good in preventing stick- 
ing in most cases. 

4. The serrated valve stem shown in Fig. 14 is very effective 
in some cases. 


Valve Guides 

We all know that cast iron both scales and permanently 
grows when exposed to high heat for long periods. For that 
reason, we advocate sweeping valve ports, such as shown in 
Fig. 15, with the guide flush with the boss. Through the 
courtesy of the Engineering Experiment Station of the Ohio 
State University, a fine report by A. H. Dierker and H. H. 
Dawson gives some scaling and growth data on iron that is 
interesting. (See Table 2.) Alloy cast irons make the best 
guide material. 


Grain Flow 

Grain flow in valve forgings is an interesting study. Figs. 
16, 17, and 18 show respectively three methods of making 
valves: gather-upset, electrical upset, and extrusion. Satisfac 
tory valves can be made by all of these methods, but we favor 
the extrusion process for exhaust valves and the electrical-upset 
method for intake valves. A study of the grain flow will indi 
cate more uniformity in the extrusion sample. By any process, 
the thing to avoid is end grain, as shown in Fig. 19. This 
condition is detrimental, and is governed by control of the dies 
and forging operations. Special furnaces are used for forging 
and heat-treating, for experience has taught the important 
factors to be controlled in producing a good valve forging. 


5 
One such factor is the system of preheating, followed by soak 


Fig. 21 —''Superfinished" valve stem and 

microphotograph of surface magnifica- 

tion (left) are contrasted with those for 
a ground valve stem 
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Table 2- Composition of specimens and scale and growth data 














Per 
No. ANALYSIE Cent Per CONDITION OF SCALE AT FINISH 
»pech Scale| Cent 
TC Si. Mn. P. S. Cr. Loss |Growth 
A.J 18] 2.60 | 3.25 ohh | 2093 | 062 | oe 6.88 | 2.48 Loose, approx.1/64" thick,smooth surface under scale 
Li 2:73 13.35 el | 080 | 2110 | coe 3.66 | 2.66 Loose and thin, approx. 1/64" thick 
TC 127] 2.8 | 2.30 53 | wel 0079 | eee 8.87 | 1.74 Double layer,each epprox.1/64" ",adherent,under surface rough 
10 | 3.44 | 2.25 56 | .43 2063 | cco 10.70 | 5.82 Heavy. loose, approx. 1/32" thick 
B.| 22 2.84 a a a | 050 e017 Leos 9.15 ee Thick, lemineted, adherent, approx. 1/32" thick 
2 | 2.8 | 2.31 | .51 | .050 0067 | eee 9.23 | 1.54 Thick, laminated, adherent, approx. 1/32" thick 
R225 1. 20506 12.51 | 5. EO FY obDS Bens 9.70 | 2.40 | Thick, leminated, adherent, approx. 1/32" thick 
C.J22 | 2.84 | 2.31 051 050 0017 | oe- 9.15 1.13 Thick, laminated, adherent, approx. 1/32" thick 
241 2.8 | 2.31 051 2230 O17 | wee Jez 1.26 Thick, laminated, adherent, approx. 1/22" thick 
Pj 23 | 2.84 | 2.31 51 | .380 | .017]... 9.03 | 1.26 Thick, laminated, adherent, approx. 1/32" thick 
D.| 1 3.31 2.10 057 059 2029 | eee 10.09 1.79 Thick, hard, laminated 
17 | 3.31 | 2.10 | 1.26 | .059 | .029 ]... 11.02 | 0.88 Thick, hard, laminated 
Mn.J 18 | 2.60 | 3.25 ahh -093 plat 5 awa 6.88 | 2.48 Loose, under surface smooth 
21] 2.6¢ 3.2 »&7 2093 . 2 er 7.08 | 1.07 Thick, laminated, adherent 


E.| 16 | 3.31 2.10 257 059 «029 | oe 10.09 1.79 Thick, hard, leminated 



































15 3e3k 2.10 057 2059 0029 | .39 9.85 1.00 Thick, hard, laminated 
Cr.{ 14 3.31 2.10 057 2059 2029 | .50 9.55 -80 Thick, hard, laminated 
18 | 2.60 | 3.25 ohh 093 |} 062 |... 6.88 | 2.48 Loose, under surface smooth 
20} 2.60 3225 ohh | -093 | .062 | .58 6.63 | 0.80 Double layer, top layer loose, bottom adherent 
F.j 3 | 2.87 | 1.54 042 | 092 | 038 | on. 9.9% | 2.07 Very heavy, laminated under surface rough 
2 i 2.84 | 2.31 251 050 0067 | ace 9.23 1.54 Thick, lemineted, edherent, approx. 1/32" thick 
Sisal 2 2.82 2.85 Al 089 sO6O T eas 8.67 | 2.53 Loose, thin, under surfece smooth and velvety 
4} 1.64 | 4.09 037 | 2.080? 20% fess 445 | 1.20 Thin, loose, double layer 
5| 1.80 | 6.01 031 | .080 | .056 | coe 2.13 | 0.07 Very thin, very adherent 
6] 1.74 | 6.80 031} 20860 | 20% | occ 1.88 | 0.20 Very thin, very adherent 
Gilli 2.33 5.73 037 046 021 | 1.60 1.58 | 0.33 Thin, very adherent, speckled appearance 
12; 2.13 5.73 037 -046 021 | 2.97 1.57 | 0.07 Thin, very adherent, speckled appeerance 
13 Liver S073 T sat ~046 e021 | 4.17 1.04 } 0.07 Practically none 
| 














ing of the piece to be forged, both time and temperature being 
accurately controlled. 

Fig. 20 shows the grain flow in a valve made by machining 
too much from the forging, illustrating how the grain runs 
out at the seat, producing the condition on the seat as shown 
in Fig. 19. 


Valve-Seat Inserts 


Valve-seat inserts are coming into almost general use and 
are a great aid to valve performance. By far the greatest por 
tion of these inserts are the hardenable type, such as Dura 
chrome. They greatly extend block and valve life, and cut 
down the necessity for frequent valve grinding. 


Valve Retainer Locks 
Formerly retainer neck breakage on valves was a chronic 
trouble. This difficulty has been corrected almost completely 


by the adoption of the beaded lock made from soft stock, 
which is now practically universally used. 





Superfinish 

“Superfinish” is the new type of surface finish conceived 
and developed by David A. Wallace, president of Chrysler 
Sales Corp., Chrysler Corp. The method pioneers a new idea 
in surface finishing. The process is short time, low pressure, 
much movement; a minimum of three motions are necessary, 
and five or more are desirable. The surface is literally 
“scrubbed” to crystalline smoothness, the amount removed 
usually being less than 0.001 in. The process is based on the 
theory that the ordinary ground, honed, or lapped surface has 


“on ; Fig. 22 — The severe scuffing shown on the two valve 
a layer of fuzz or smear metal superimposed on the good 


: Poss apne ‘eer stems was eliminated by giving the guides a “Fer- 
crystalline metal beneath. This condition is likened to a thin rox" treatment 
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layer of snow on ice — the snow must be brushed aside to reach 
the solid ice beneath it. 

Tests indicate a low rate of wear with superfinished parts, 
and considerable interest has been created. Chrysler Corp. is 
applying this finish to valve stems, tappet faces, pistons and 
brake drums. Fig. 21 shows this finish on a valve stem — it is 
considerably superior to the best grind. We believe that this 
type of finish will find wide use in the future. 


Surface Treatment 


The surface treatment of parts is receiving great emphasis 
among the various manufacturers because it has been demon- 
strated that extremely beneficial results can be obtained by 
surface treatment. The Perfect Circle Co. has been a pioneer 
in this work, demonstrating and talking about this subject for 
the past two years. The Perfect Circle “Ferrox” treatment is 
an oxide treatment obtained at fairly high temperatures. Some 
of the results obtained with treated parts have been phenom- 
enal. Buick now uses Ferrox piston rings in production. 

The Standard Oil Co. of Calif. has developed the “Feritex” 
process which also gives a surface treatment, but in a some- 
what different manner. The Feritex process is an etching 
process which gives a sulphide surface. This process was 
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recently fully covered by George L. Neely in an address betore 
the Philadelphia Section of the SAE. Caterpillar Tractor Co. 
is using this process in production, treating many parts, and 
reports excellent results. 

In general the treated surface alters the gummy or soft ferrite 
so that it does not tend to weld or pick up on the rubbing 
part. The oxide or sulphide also acts as a fine rouge in bring 
ing the moving part to a seat, and prevents the usual high rate 
of wear while fuzz is being worn from the parts. The possi 
bilities of this type of treatment are just being realized, and 
these surface treatments will be used widely in the future. 

Fig. 22 shows two valves which were scuffed badly after a 
short run-in in the engine. Guides were given a Ferrox treat 
ment, and the scuffing was eliminated. The surface treatment 
has corrected scuffing in a number of cases where it occurred 
during initial run-in. 

Conclusion 


The foregoing points have been touched upon only lightly, 
as any one of them could be covered at length. We hope that 
it will give some idea, however, as to the progress which is 
being made in valve work. We can state confidently that valve 
performance today is far beyond what it was a few years ago, 
and is keeping pace with engine development. 


The Oscillograph in Engine Indication 


T is a generally recognized fact that, in developing the 
high-speed diesel and gasoline engines to their present level 

of perfection, engineers have been handicapped to some extent 
by the lack of a reliable and accurate indicator. Despite the 
exceptional mechanical ingenuity of most engine indicators, 
the many unpredictable errors from various causes made the 
results obtained by their application to engines somewhat ques- 
tionable and, therefore, much research has been based upon 
horse-sense and a study of the effect rather than the cause of 
combustion phenomena. With the ever-increasing search for 
more power through improved thermal and mechanical ef- 
ficiencies, it has become more necessary to have an accurate 
picture of the actual combustion process. To show how the 
cathode ray oscillograph is used in engine indication is the 
purpose of this paper. Although there are several commercial 
oscillographs on the market being applied to a variety of ma- 
chinery, the writer’s experience has been limited to the RCA 
oscillograph employed to indicate a high-speed diesel and, 
therefore, the following data and subject matter are necessarily 
limited in scope. 

Although it is not the intention of the writer to discredit 
mechanical indicators, it is necessary to point out the most 
common limitations so that the advantages of the electrical 
indicator can be appreciated fully. The two chief sources of 
error are, first, the mass of the moving parts actuated by pres- 
sure.and, second, the connecting passageway conducting the 
pressure impulses from the clearance space to the indicator. 
On account of the mass inertia, the recording mechanism can 
register only comparatively low frequencies with any degree 
of accuracy. Resonant pressure wave and throttling effects 
are practically unavoidable in the connecting passageway, 
especially if appreciable changes in the compression space are 
tc be minimized. Many mechanical indicators register only 
peak pressures while pressures on the card from other indica- 


tors represent an average of many cycles and include at least 
one ot the limitations just mentioned. In addition, differen 
tiation of the pressure diagram to the rate of change of pres 
sure card is an extremely tedious if not impossible task. 

A brief summary of the advantages of the cathode-ray oscil 
lograph in engine indication follows: 

1. Zero time lag. The diagram on the screen is a picture 
of the pressures at that instant and is not an average of many 
cycles. 

2. No distortion from heat. The response from pressure is 
linear from frequencies of 8 to 17,000 cycles per sec. 

3. Simple electrical calibration of any pressure at any point 
in the cycle. The error should not exceed = 2%. 

4. The location of all pressure phenomena with respect to 
any reference point can be determined within 1 deg. 

5- Pressure-time cards can be converted very easily to rate 
of-pressure-time diagrams with very little distortion in ampli 
tude or phase for frequencies up to at least 5000 cycles per sec. 

6. Through suitable mountings the quartz crystal pickup 
unit can be used to register almost any varying pressure 
phenomena in addition to cylinder pressures. 

Although the uses of the cathode-ray oscillograph in engine 
indication have been illustrated only in a very general way, 
there is sufficient evidence to show that this indicator can be 
used with confidence to solve our most difficult pressure and 
vibration problems. Plans are under consideration at the pres 
ent time to extend the use of the cathode-ray oscillograph in 
engine studies to include pressure-volume diagrams and tor- 
sional-vibration phenomena. 

Excerpt from the paper: “Engine Indication with the Cath 
ode-Ray Oscillograph,” by ]. G. Williams, National Supply 
Co., presented at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 13, 1939. 
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Diesel-Engine 


Installation in 


Coaches and Trucks 


By W.S. Fisher 


General Motors Truck & Coach, 


LTHOUGH the torque variation of a diesel 

engine is somewhat greater than that of a 
gasoline engine, the difference is not serious at 
full load, Mr. Fisher explains. But, because the 
roughness of a diesel can become quite objection- 
able at no load, it is necessary, he says, to suspend 
the engine in such a way that its torque impulses 
cannot be transmitted freely to the chassis. 


Mr. Fisher discusses the various problems of 
diesel-engine installation in coaches and trucks, 
outlines the theory of flexible engine installation. 
considers the special requirements of the half- 
dozen auxiliary systems, and describes a number 


of diesel installations which have proved success- 
ful in service. 


The engine with which the paper is concerned 
is the General Motors two-stroke diesel. manufac- 
tured in 3-cyl, 4-cyl, and 6-cyl models of 82, 110. 


and 165 hp, respectively. 


NE of the chief difficulties with which the automotive 

diesel engine has had to contend has been the very 

high standard of smoothness and silence set up by the 
gasoline engine. In fact, by the time the diesel engine was 
ready for production in America, the gasoline engine had 
become so unobtrusive and reliable that it had been allotted 
space among the passengers in all coaches and had been placed 
alongside the driver in cab-over-engine trucks. 

The operating advantages of these new types of chassis had 
become well established; there could be no question of going 
back to the old design with the engine out in front. So some- 
thing had to be done to tone down the manners of the diesel 
engine with its inherently rougher and noisier running. The 
whole problem of engine installation had to be reviewed i 
detail, and a new and improved method of engine suspension 
had to be developed and tested in service. 

It is the purpose of this paper to discuss the various prob- 
lems of diesel-engine installation in coaches and trucks, 
outline the theory of flexible engine suspension, to consider the 
special requirements of the half-dozen auxiliary systems, and 


[This 


paper was presented at the Cleveland Section Meeting of the 
Society, Cleveland. ©.. Feb. 13. 1939.] 
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Division of Yellow 


Truck & Coach Mfg. Co. 


to describe a number of diesel installations which have proved 
successtul in service. 
The problems which have to be considered in making an 
installation of this sort may be divided into: 
The mounting of the powerplant. 


The fuel system. 


tv 


3. The air-supply system. 

4. The exhaust system. 

5. The cooling system. 

6. Engine controls. 

7. Provision for removing the engine. 

8. The all-round performance of the vehicle. 


The Powerplant 

The engine with which we shall be concerned in this paper 

is the General Motors Corp. two-stroke diesel. 
manufactured in three models, 
stroke of 44% x 5 in., as follows: 
3-cyl engine 82 hp 
4-cyl engine 
6-cyl engine 


This engine is 
having a common bore and 


110 hp 
165 hp 

The bare engine, as it is delivered by the Diesel Division, is 
complete with all engine accessories including the scavenging 
air blower, the fuel feed pump, water pump, governor, and so 
on. For convenience in testing, it has been assembled with 
certain special equipment pertaining to the installation for 
which it is required, including a special flywheel, water mani- 
fold, exhaust manifold, and provision for supporting pads. 

The first step is to complete the assembly of the powerplant. 
Special accessories are now installed; the generator, starting 
motor, air compressor, and so on. Finally the clutch and trans- 
mission are bolted in place, making up a complete pow erplant, 
which may be defined as everything included in the engine 
unit when it is bolted to the chassis, as shown in Fig. 1. The 
weight of a typical 6-cyl coach powerplant, with clutch and 
three -speed synchro- mesh transmission, is about 2860 Ib, or 
about 150 lb more than that of a similar gasoline powerplant. 
The weight of a 4-cyl truck powerplant, with four-speed trans- 
mission is about 2190 lb, about 310 lb more than that of the 
corresponding gasoline unit. 


Engine Suspension 


On account of its high compression, the torque variation of 
a diesel engine is somewhat greater than that of a gasoline 
engine of equal size. At full load, the difference is not very 
serious, and the uneven torque of the diesel engine is only 
noticeable at the lowest speeds. At 
roughness of the diesel 


no load, however, the 
can be quite objectionable, and it is 
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necessary to suspend the engine in such a way that its torque 
impulses cannot be transmitted freely to the chassis. 

The reason for this difference in idling smoothness is not 
difficult to find. The gasoline engine idles throttled down 
until the meager charge, heavily diluted with residual exhaust 
gas, burns with a maximum pressure which reaches a bare 
100 lb per sq in. In the diesel engine, on the other hand, the 
air is drawn in without restriction at all loads, so that the 
compression pressure alone reaches about 450 lb per sq in. and 
the maximum pressure slightly higher still. Converting these 
pressures into torque, we have the result shown in Fig. 2, 
which shows the comparatively slight difference between the 
torque curves of a 6-cyl, two-stroke diesel engine in compari- 
son with the 6-cyl, four-stroke diesel. 

For these reasons, the cushioned suspension system generally 
used with gasoline engines must be modified and improved if 
equally satisfactory results are to be had with diesel engines. 
Insulation of the powerplant from the chassis is not enough; 
it is necessary to design a suspension system which provides 
for a definite rocking movement so that variations in torque 
may be absorbed as kinetic energy in the whole powerplant 
mass. During one part of the torque cycle excess energy rocks 
the powerplant away from the flywheel; during the next part 
of the cycle, when the engine torque falls below the mean 
value, the powerplant rocks back again. Although the move- 
ment of the engine must be controlled and limited, by the 
suspension, it is possible to smooth out the loads imposed on 
the chassis to a remarkable degree. 


The Principal Axis 


It is well known that, in a suspension system of this sort, 
the powerplant must be permitted to rock about an axis which 
passes through its center of gravity. If this is not done, the 
powerplant will swing as a pendulum and will transmit forces 
to the chassis which may prove very difficult to absorb. Again, 
for best results, the axis should be the principal axis of the 
powerplant, that is the axis about which it has the least 
moment of inertia or, at any rate, an axis close thereto. The 
first step, therefore, is to find the center of gravity of the 
complete powerplant, as installed. 

For this purpose, the powerplant is hung up in various 
positions, by its nose, by the tail, and so on, and a photograph 
is taken in each pose. Each photograph also includes a plumb 
line, to record the vertical plane, preferably taken in a line 
with the crane hook which holds the powerplant. The center 
of gravity is located at the pcint intersected by the plumb line 
in all the various photographs. 








Fig. |—The complete powerplant is defined as everything 
included in the engine unit when it is bolted to the chassis 


The principal axis may now be tound by a series of moment- 
of-inertia experiments or, as it need not be worked out with 
any great accuracy, it may be estimated as the line which joins 
the center of gravity of the engine to the center of gravity of 
the transmission. If given a certain degree of freedom, the 
powerplant will find and rock about its own principal axis in 
any case. 

It is quite possible to suspend the powerplant in a group of 
steel springs; in fact, the very earliest attempts at a flexible 
suspension for a small diesel engine in an automobile, some 
fifteen years ago, used springs of this sort with good results. 
The trouble is that steel affords very little damping, and the 
powerplant is inclined to move too freely when the engine 
speed coincides with the resonant speed of the suspension, 
when starting and stopping. Accordingly, some type of rubber 
mounting block now is used always. 

Strictly speaking, the mounting blocks should be formed as 
a circle, or segment of a circle, and should be arranged so that 
the center of this circle coincides with the axis about which 
the powerplant is to move. It is usually more satisfactory, 
however, to use flat blocks, which are much cheaper to make 
and install. It is possible to design these blocks so as to limit 
the vertical and side-to-side movement, while affording a 
comparatively free movement end to end. In fact, the vertical 
rate need only be one-tenth of the end-to-end rate, as shown in 
Fig. 3. 

Another advantage of the flat block is that this rate gradu- 
ally increases if the block is forced to tip as well as to slide. 
Since it is loaded as if it were a segment of a circle, which it 
is not, the rubber at one end of the block is loaded in com- 
pression, while that toward the other end is loaded in tension. 
In this way, the controlling torque is built up rapidly just as 
soon as a limited range of comparatively free movement is 
exceeded. This is a very desirable type of suspension, as the 
powerplant is free to rock about within its working range, 
but is rapidly snubbed if its movement becomes large enough 
to cause trouble with interferences, pipe lines, and so on. 

It is a comparatively simple matter to work out the design 
and location of the blocks to carry the weight of the power- 
plant, to resist various horizontal forces, such as that due to 
braking, centrifugal loads and so on, and to take the high 
loads from the propeller-shaft reaction. Rear-engined coach 
installations have two special advantages from this point of 
view. First, the propeller-shaft torque reaction, which may be 
quite large, is more or less at right angles to the crankshaft 
torque, so that it may be absorbed on widely spaced mounts, 
without prejudice to the free movement of the engine about 
its principal axis. Second, the loads arising from the rocking 
of the engine are absorbed by the chassis in the plane in which 
it is most rigid, so that it is an easy matter to make sure that 
the body will not respond to engine vibrations. 

In brief, then, an engine of this sort, inherently in balance, 
is permitted but one degree of freedom, that of oscillation 
about its principal axis; in all planes and about all other axes 
its freedom is limited strictly, just enough to insulate the 
chassis from vibrations which arise from the fact that the 
engine is made of elastic materials. This one degree of free- 
dom must, however, receive very careful treatment in the 
design. 


Determination of Moment of Inertia 


In making a new installation, it is necessary to work out the 
best load rate and position of each mounting block so that the 
suspension system may carry the loads without too much 
deflection and yet have a natural frequency well below the 
idling speed of the engine. For example, the idling speed of 
the engines with which we are concerned varies from about 
250 to 300 rpm, and it has been found that the most satisfac 
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tory natural frequency of the system is close to 1000 cycles per 
min, that is, one which is in resonance with the six-cylinder 
engine at about 175 rpm. 

It is first necessary to determine the moment of inertia ot 
the powerplant as a whole, just as it is to be installed in the 
chassis. To do this job, the powerplant is suspended at the 
end of a r-in. steel shaft, about 12 ft long, as a torsional 
pendulum. It is made to oscillate back and forth, so that its 
natural frequency, something of the order of 2 sec, in this 
case, can be determined. 
moment of 


From the time of oscillation, the 
can be calculated if we are willing to 
assume a value for the elasticity of the shaft. As this factor 
is somewhat uncertain, the next step is to calibrate the steel 
shaft and its attachments by swinging a heavy flywheel mass. 
This mass need not be an actual flywheel, as a collection of 
steel bars, and so on, will serve perfectly well, provided 
that the moment of inertia of each piece can be calculated 
accurately. 


inertia 


A typical value for a 6-cyl diesel engine, with electric-drive 
generator, water, oil, 


lb-in.- The 


and all attached accessories, is 330,000 


stiffness of this particular suspension system 
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Fig. 2—The curves compare the torques of a 6-cyl two-stroke 
diesel engine, a 6-cyl four-stroke diesel engine, and a 6-cyl 
four-stroke gasoline engine 
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Fig. 3- Deflection curves for rear mounting block bring out 
the large difference between the vertical and the end-to-end 
rates in compression and shear 


worked out as 108,700 lb-in. per radian, so that the natural 
frequency works out at just over 1000 cycles per min, a satis- 
factory hgure. 

As each new installation is made, the natural frequency of 
the system is checked carefully by idling the engine right 
down to about 120 rpm and noting where resonance occurs. 
In some installations, the octave resonance also can be detected 
and must not be mistaken for the fundamental. 

In spite of calculations, the design of a satisfactory suspen- 
sion calls for considerable thought and experience. It is always 
better to make the mounting too soft, as it is a simple matter 
to make up the mounting blocks in several sets, each with the 
rubber compounded to a different durometer hardness, so that 
the stiffness may be increased. 

“U sually a resilient support is so limber that it outrages our 
enginee ring ideas of a mechanically satisfactory job long 
before it is sufficiently resilient to serve as an effective means 
of reducing vibration. A mounting which is too stiff is worse 
than none at all.” 


Truck Suspension 

In installing diesel engines in trucks, much the same prin- 
ciples have been applied. In this case, however, the rear 
support is placed above the transmission, and the powerplant 
is carried at this point by a single large block. As the propeller- 
shaft torque reaction may be very large and practically coin- 
cides with the principal axis, the resistance of the suspension 
must increase very rapidly once the working range is exceeded. 

For this reason, separate, adjustable snubbing blocks are 
placed on each side of the flywheel housing. When the engine 
is idling, these blocks have clearance and have no restraint on 
the engine movement but, once under load, the powerplant 
rocks over until these blocks make firm contact with their 
rubber buffers to prevent further movement. As the load is 
applied only at comparatively high engine speeds, the vibration 
transmitted through the snubbing blocks is not objectionable. 

In truck installations, it is necessary to make sure that the 
smoothness of the clutch engagement is not going to be upset 
by the engine movement. There should be no servo action or 
fore-and-aft movement where clutch control linkage is short- 


ened, causing slipping of the clutch which produces clutch 
chatter. 


1 See SAE Transactions, Vol. 33, May, 1938: 


“New Technique of Noise 
Reduction,” by Ernest J. Abbott 
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Noise 


Because of its high maximum pressures and the rapid 
increase in the cylinder pressure just as combustion starts, the 
diesel engine is inclined to be considerably noisier than a 
gasoline engine of equal power output. With careful design, 
it has proved quite possible to keep all objectionable engine 
noise out of the body and to obtain a noise level actually 
slightly lower than that of the same coach fitted with a 
gasoline engine. 

Noises may be transmitted mechanically or may be air- 
borne, either across the engine compartment or by pulsations 
in the air-supply system. Mechanical noises are stopped, of 
course, by the rubber-mounted suspension system, but it is 
very necessary to make sure that parts attached to the power- 
plant, exhaust tail pipes, compressed-air pipes, and so on, are 
completely insulated from the frame. Air-borne noises are 
confined to the engine compartment by the usual methods of 
insulation. Briefly, the treatment consists of insulating the 
engine compartment with a 1-in. layer of rock wool held in 
place by light steel panels, making sure that no openings are 
left in the rear of the body. Air-duct noises have been dealt 
with by lining the ducts with absorption material and by 
fitting a resonance chamber on the air pipe close to the blower 
intake. The noise level outside the coach is reduced best by 
closing all possible openings in the engine compartment. 

The present standard for coaches is that the noise level, 
measured in the center of the rear seat at the height of the 
passenger's ear, must not exceed 87 db at 50 mph. It is 
generally found that exhaust noise is more troublesome to deal 
with than either engine or fan noises, partly because its level 
is high (87 db measured 10 ft behind the coach), partly 
because it finds its way into the coach through the windows. 


The Fuel System 


Fuel is drawn from the tank through a settling basin and 
edge-type filter and is delivered to the fuel manifold by a 


rotary pump driven by the engine. On its way, it passes 


























Fig. 4—The typical coach air system must provide up to 685 
cfm of clean air 





Fig. 5—This double exhaust system on 6-cyl engined coaches 
has certain advantages in preventing cross-interference dur- 
ing the scavenging phase of the cycle 


through a second filter, mounted on the side of the engine. 
The unit injectors draw their fuel supply from the manifold, 
and any surplus fuel is circulated back to the tank through a 
return line. 

Every precaution is taken to make sure that the fuel tank 
and pipe lines are absolutely clean when installed. Steel pipes 
are used throughout, as it has been found difficult to obtain 
leak-proof joints in copper tubes. 


. The Air Supply 
pps 


Diagram of a typical coach air system is shown in Fig. 4. 
The air system must provide up to 685 cfm of clean air, with 
a total maximum pressure loss of 2 in. hg. Of this loss, about 
one-third is accounted for in the roof and pillar ducts, one 
third in the air-cleaner casing and blower inlet pipe, and the 
remaining third takes place in the air cleaners themselves, in 
coach installations. Air cleaners are always of the oil-bath 
type. To ensure maximum mileage between cleanings, the air 
supply is drawn from a point well forward on the root. In 
designing the air inlet, special precautions are taken to avoid 
drawing in rain. 

In truck installations, the air cleaners are mounted directly 
on the blower intake or, in cab-over-engine trucks, on the 
dash. A resonator chamber is built into the base of the cleaner. 

The air-inlet system provides clean air for the air com 
pressor and is connected to the cylinder head of the engine by 
a breather pipe, so as to provide a slight depression (from 1! 
to 2 in. of water) in the crankcase. 


The Exhaust Svstem 


The exhaust system required for the diesel installation is, ot 
course, very similar to that used with gasoline engines. Onc 
special requirement is that, on account of the rocking freedom 
of the powerplant, the whole exhaust system should be carried 
on the engine. This arrangement overcomes the need fot 
special insulated supports and ensures durability, while making 
it easier to remove the powerplant from the frame. In truck 
installations, of course, some sort of outer support must be 
used but, fortunately, this support need only provide for 
rotation. The alternative, to make use of flexible tubing, has 
not worked out so well, as the tubing has, at best, a very 
limited life. 

It has been found that, on the 6-cyl engined coaches, a 
double exhaust system, with a separate exhaust manifold, 
exhaust pipe, and muffler for each set of three cylinders as 
shown in Fig. 5, has certain advantages in preventing cross 
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Fig. 7— Orce the rear member of the chassis is swung to one 
side as shown, it is a simple matter to pick up the engine on 
a special dolly 


interference during the scavenging phase of the cycle. Apart 
from this consideration, the engine is not particularly sensitive 
to back pressure, as shown in Fig. 6, although a pressure of 
7 in. hg has been set arbitrarily as the maximum. 

In addition to back-pressure tests, each new installation is 
Mufflers are 
always of the resistance-plus-resonance type and have special 


subjected to noise tests, as described already. 


provision for cleaning out the perforations, should this expe 
dient prove necessary. 


The Cooling System 


The cooling system used with the diesel engine is also 
almost identical with that used with gasoline engines. Careful 
provision is made for engine movement and, as the heat 
rejection of the diesel is only about 87 Btu per min per hp at 
full load, the radiating capacity need only be about 70% as 
large as that needed for a similar gasoline engine. 

In fact, during cold weather, the maintenance of a satisfac 
tory working temperature may prove quite a problem. The 
standard installation includes a high-temperature thermostat 
in the water system and a thermostatically controlled radiator 


shutter. installations have been made with a 


Some coach 
spring-loaded valve in place of the water thermostat to ensure 
a tull flow of water to the heaters under all conditions, and a 
system using a valve sensitive to both temperature and pressure 
is under development. 

One of the most serious objections which may be leveled 
against the conventional cooling system is the power absorbed 
by the fan in moving large quantities of air with low efficiency 
and a good deal of noise. In cold weather, none, or at any rate 
as little as possible, of this air is allowed to pass through the 
radiator. To overcome this difficulty without facing the 
complication of thermostatically controlled clutches in the fan 
drive or such devices, provision has been made for the inter 
change of fan-belt pulleys in some cases. By shifting the fan 
pulley rims about, the fan may be driven at either more than 
or less than engine speed, according to temperature conditions. 
Another scheme which has worked well is to use two alter- 
native fans, a large fan during the summer months and a 
smaller one during the winter. 

The question of using centrifugal or Sirocco-type fans keeps 
cropping up, but the fact is that, admitting its inefficiency and 
consequent power loss and noise, the conventional axial fan 
does move a very large quantity of air per minute and occupies 
very little space. 
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Engine Controls 


The engine controls used in diesel installations are very 
similar to those commonly used with gasoline engines, except 
that provision must be made for the comparatively large 
movement of the engine. Both mechanical and hydraulic 
successfully, the former being 
arranged so that the articulating link is either parallel to the 
axis of movement of the engine or has its engine end close to 
this axis, so that no “jobbing the horse’s mouth” takes place 


when the engine is idling. 


controls have been used 


As the throttle of a diesel engine 1s used to stop as well as 
to control the engine, the throttle lever has three fixed points, 
tull load, idling, and no fuel. In order to give positive control, 
the no-fuel range is entered only after a latch on the lever 
quadrant has been tripped by means ot a solenoid which is 
energized by a pushbutton on the instrument panel. The 
latch is reset automatically as soon as the driver opens the 
throttle again to start the engine. 

A very ingenious fully automatic control system has been 
worked out for use with the hydraulic transmission. With this 
transmission, the coach is accelerated in the hydraulic drive 
and, once up to speed, a shift is made to direct drive. Under 
normal conditions, this shift is made automatically at a pre- 
determined speed, smoothly and silently, without any move on 
the part of the driver. 

To accomplish this shift, a governor, driven by the trans 
mission, makes contact at the selected road speed. The current 
first sets the controls to the no-fuel position, regardless of the 
throttle opening set by the driver. Next the hydraulic-drive 
clutch is disengaged and the direct-drive clutch set ready to 
engage just as soon as the engine and driveshaft speeds 
synchronize. The very the direct drive is in, the 
engine throttle is opened again. The whole shift requires 
about 1 sec to accomplish. 


instant 


Should the driver wish to prevent the engagement of direct 
drive or to re-engage the hydraulic drive at any time, he can 
overrule the automatic controls merely by pushing his accel- 
erator pedal right down. On coasting to a stop, the automatic 
controls will disengage the direct drive and go over to the 
hydraulic drive (which has a free wheel) at about 12 mph. 


Removal of the Engine 


In designing the best way of putting an engine into a 
chassis, it is an excellent thing to determine the best way ot 
getting it out again. In all coach installations, the engine is 
fitted with special lugs and ring-bolts and, once the rear 
member of the chassis is swung to one side as shown in 
Fig. 7, it is a simple matter to pick up the engine on a special 
dolly which is wheeled into place. 
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Fig. 6—The figure shows that the diesel engine is not particu- 
larly sensitive to back pressure 
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Quick-detachable couplings are provided on the water and 
air lines in some cases, and the powerplant carries its own 
exhaust system. 


Road Performance 
The first step in designing a new installation is to calculate 
the road performance; the last step is to carry out tests to find 
out whether this performance has been attained. Just what 
constitutes an acceptable performance can be decided only 
with a complete knowledge of the service conditions, loads, 
gradients, headways, competition, and so on. The road-test 


program is designed to check all important factors in_per- 
formance, including maximum rate of climb, maximum speed, 
acceleration, fuel consumption under various conditions, noise 
level, and so on, as well as the durability of any new equip- 
ment. Such tests, carefully carried out, form a most valuable 
guide to new design. 

No engine can perform well in a faulty installation. Auto- 
motive service is a hard taskmaster and it is only by un- 
ending care and attention to detail that the various units 
which go to make up the powerplant can work together to 
produce maximum performance in service. 


Problems in Air-Conditioning Automobiles 


NINFORMED people have made the seemingly logical 

statement that they see no reason as to why the automo- 
bile should not be cooled or air-conditioned. They apparently 
believe that the automobile is similar to a refrigerator box in 
many respects and that the only requirements are a small 
motor and a compression machine which may be connected to 
the battery as a source of power, and the desired effect is pro- 
duced. I believe that we are all familiar with the liberties that 
have been taken with the term air-conditioning, and I shall 
not further burden you with such platitudes. Instead I shall 
endeavor to describe some of the experiences that have been 
accumulated as a result of experiments with various methods 
of controlled heating and cooling of automobiles. 

When we consider the great number of cars used, the vari- 
ous purposes to which they are being adapted, and also the fact 
that the percentage of closed cars has increased rapidly in this 
Country, and to a lesser extent in other countries, it seems 
highly improbable that anyone will question the desirability of 
applying intensive efforts to create more comfortable condi- 
tions in the passenger automobile and other vehicles. 

We have all noticed the strides made in the air-conditioning 
of railway coaches, and this development naturally leads us to 
believe that a similar effort may be directed to inter-city buses, 
city buses, and possibly to the automobile. 

If we are to apply the term “air-conditioning” to an auto- 
mobile, we should apply the definition as understood by the 
American Society of Heating and Ventilating Engineers; that 
is, it must include: 

1. Controlled heating and cooling; 2. Humidification and 
dehumidification; 3. Ventilation; 4. Distribution of air; and 
5. Purification of air. 

Because Detroit weather conditions represent the two ex- 
tremes — of heat in summer and cold in winter, and because 
most of the work of testing such units will be done in this city, 
I shall use Detroit conditions as the basis of my calculations. 

The motor vehicle may be compared to a house on wheels; 
in fact, many manufacturers are supplying trailers and trucks 
to serve just that purpose. Some have gone so far as to predict 
that, in the future, ever-increasing numbers will forsake their 
homes and make extended tours without other housing ac- 
commodations. The passenger car is now being made with the 
doors and external envelope almost air-tight, and it can be 
made to resist temperature differences as well. The recent 
universal adoption of the all-steel top, claiming advantages of 
resistance to heat transmission, was the beginning of a trend 
toward all-around insulation. Another important contribution 
made towards better ventilation is the so-called no-draft- 
ventilation or similar vertically pivoted windows. 

We can all remember the hot summer days when the sensa- 
tion of impending suffocation forced us to open the windshield 
and roll down the windows, admitting a blast of hot air and 


dust which set our hat sailing, causing stiff necks, wind- 
burned skin, and other discomforts. The purpose, of course, 
was to accelerate skin evaporation and surface reduction tem- 
perature in an effort to maintain a minimum metabolic rate. 
The same artifice is the electric desk fan. 

Today the windshield is built in solidly, and one car has 
been developed which is fully heat- and sound-insulated and 
allows only the left front window to be adjusted for signaling 
purposes. Refrigeration of one kind or another is also being 
installed in transport trucks that haul perishables and, al 
though I do not wish to fall into an error of trying to be a 
prophet, I do believe it possible to do a job of air conditioning 
on the passenger car; but not without a good deal of engineer- 
ing and research and a fair expenditure in the way of operat 
ing costs on the part of the customer or user of the vehicle. 
The problem has not been given such intensive treatment and 
we may hope that it will soon. 

The extent of production models has been in heating only, 
and consist of water heating steam heaters and full burners as 
adopted by passenger cars. These developments brought to 
light some interesting results and exposed some of the short- 
comings of the engine, changes in which will permit better car 
heating. 

As mechanical construction reaches new heights, the user 
does not follow very far behind in demanding still further 
comforts, and so we find the owner seeking more heat than 
was formerly supplied. Two factors have contributed to the 
insufficiency of heat. In the first place, Detroit has a rather 
severe temperature, which may be indicated by the fact that 
there are 6500 degree-days per year with an average January 
of less than 32. 

Second, the streets are often covered with ice for long 
periods, which reduces the average city driving speed to about 
15 mph. At this speed, the engine cooling-water temperature 
is very low, and the exhaust gas is also at too low a tempera- 
ture to supply much heat. Another contributing factor to the 
difficulty of water and steam heating is the design of some 
engines. 

In conclusion, I may say that the air conditioning of the 
motor vehicle is entirely possible. The equipment and ex 
pense needed are rather high at present and in need of further 
research and development, just as in residence and_ public 
buildings air conditioning was a possibility for many years, 
but only in the last two years has it become popular. Un 
doubtedly it will spread to the common carrier, but I believe 
that it will take much popular advertising to sell it to the 
passenger-car owners. 

Excerpts from the paper: “Heating and Air Conditioning of 
Automobiles?” by F. ]. Linsenmeyer, University of Detroit, 
presented at the Detroit Section Meeting of the Society, De- 
troit, Mich., Oct. 17, 1938. 














Permissible Amplitudes of ‘Torsional 


Vibration in Aircraft Engines 


By Francis Masi 


Naval 


CTUAL computation of the vibratory crank- 
shaft stresses, although a laborious process 
beset with many difficulties, should offer the best 
chance for an intelligent evaluation of the crank- 
shaft torsional-vibration characteristics in aircraft 
engines and of whether the amplitudes are dan- 
gerous or within safe limits, Mr. Masi concludes. 
In a discussion of the various methods used, their 
relative merits, and allied problems, he shows that 
the simple expediency of using fixed allowable 
amplitude limits, for certain classes of engines, de: 
termined from experience, likely to lead io 
erroneous conclusions. 


A novel method, which has been used on numer- 
ous engines by the Naval Bureau of Aeronautics, 
is suggested by Mr. Masi. It consists of determin- 
ing the twist of the crankshaft with the applica- 
tion of rated engine torque and basing the allow- 
able vibration amplitude on the amount of the 
twist. This method, he reports, lends itself to rapid 
routine check of a variety of engines and gives re- 
liable data for conventional designs. 


In the light of present knowledge, he concludes, 
propeller vibration must be considered a separate 
and distinct problem peculiar to each engine-pro- 
peller combination, and requires separate and in- 
dividual consideration. 


HE severity of torsional vibration in aircraft engines is a 
problem of extreme importance. Excessive amplitudes 

generally are accompanied by high stresses throughout 
the crankshaft system, as well as in accessory-drive systems not 
driven from a nodal point, and may result in engine failures 
of the most disastrous kind. Propeller shank failures are 
usually associated with high torsional vibration amplitudes, 
although the general problem of propeller failure embraces a 
greater complexity of considerations. It is for these reasons 
that much effort is being put forth to render intelligent judg 
ment on the question of permissible torsional vibration. 
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When attention first was drawn to this problem, it was 
considered sufficient simply to locate the important critical 
speeds and to instruct the pilots to avoid operation at those 
speeds. Later, with the ever-persistent demand for increased 
performance and greater freedom of action in operation, it 
was found feasible to restrict operation only at speeds where 
the amplitudes exceeded certain fixed values, which had been 
gained at the cost of sad experience with engines of similar 
design. In some cases, an attempt was made to shift the 
critical speeds to points outside the operating range. This 
latter method met with a fair degree of success in single and 
double-row radial engines where only one or two orders are of 
importance, but was entirely inadequate for in-line engines. 
Multithrow crankshafts give rise to numerous orders of vibra- 
tions besides the fundamental, the number possible being 
roughly proportional to the number of throws. 
long crankshait can vibrate readily 
quency. 


Moreover, the 
at more than one fre- 
As can be seen from a consideration of Fig. 1, repre 
senting a possible set of conditions in a V-12 engine with 60 
deg between throws, it is very difficult to keep important 
orders out of the operating speed range’. 

The modern high- performance engine requires complete 
freedom from excessive torsional vibration throughout its 
normal operating range extending from 50% to 110% of 
rated speed. Military engines intended for extensiye diving 
maneuvers should be safe even above this range, possibly up 
to 130% of rated speed. The most severe engine operating 
ceitlitian from the standpoint of torsional vibration are 
shown in Fig. 2. Operation beyond those limits is either pro- 
hibited in normal service or is impossible with a fixed-pitch 
propeller. A complete torsional vibration survey, therefore, 
should comprise records taken at close intervals on these 
limiting lines. The propeller used to absorb the power should 
be the one intended for use in flight since propellers vary in 
their damping effect and may influence materially the ampli- 
tude of torsional vibration developed. Another factor of 
importance is the degree of looseness at the point of attach- 
ment of the blade roots, which may appear as additional 
effective crankshaft flexibility, and may cause a considerable 
change in the natural frequency of vibration. 


Fixed Restrictive Limits 


The earliest attempt at fixing the allowable amplitude of 
torsional vibration was simply to determine experimentally on 


the same or similar engines the amplitude which caused 
failure and consider safe a value well below that. This 
method has obvious disadvantages. Firstly, the limits can be 


obtained only at the cost of one or more engine failures. 


Secondly, the limit thus determined is quite reliable as long 
as it is applied to an engine of the same design as the one 
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Fig. |- Occurrence of one- and two-nodo critical speeds 

with variation of natural frequencies, shows the difficulty of 

keeping important orders out of the operating speed range 
under these conditions 


trom which it was determined. Difficulties may ensue, how 
ever, as soon as it is applied more generally to engines of th« 
same type. It can be imagined readily how the designer of a 
radial engine might purposely lengthen the crankshatt to gain 
additional flexibility, or design it short for high rigidity, and 
thus locate the major critical speed more advantageously. The 
same limit for permissible amplitude would, naturally, not 
apply to the two cases, although both engines might fall in the 
same broad classification. 

The success of this method is indicated best by the fact that 
agencies that have used fixed restrictive limits frequently have 
been forced to change the limits to suit individual engines 
rather than modify the engine to meet the limits. In addition, 
the number of groups into which engines originally were 
classified subsequently were found to be insufficient, requiring 
further subdivision of these groups into sub-groups. 

The actual values of these fixed limits have varied over a 
period of years as shown in Table r. 

This method is not wholly lacking in virtues. It cannot be 
denied that, once the background data have been gathered, it 
is the most rapid method and most definite limit that can be 
applied. If the limits are chosen conservatively, the results 
generally will be on the safe side, especially since most designs 
are tending towards greater flexibility of the crankshaft. In 


Table 1 
Amplitude Limits, deg 
Engine Type Period 1 Period 2 Present 
Radial engines (single or Direct drive +() 25 
double row). +050 +() 375 
Geared +() 50 
In-line engines, geared Without quill shaft + 1.00 
or direct drive, single- +150 +1.00 
node vibration. With quill shaft + 1.50 


In-line engines, geared Without quill shaft 
or direct drive, two- + () 2! 
node vibration. With quill shaft 


Ht 


+() 95 
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many cases, however, unnecessary hardship wil be imposed 
upon the engine designer. In view of the tact that reducing 
the amplitude of torsional vibration in an aircratt engine 
usually involves many difliculties, expense, and sometimes 
additional weight, a little extra time spent in a more caretul 
analysis of the problem is usually well worth while. 


Limits Based on Crankshaft Deflection 


In an effort to arrive at a more rational method of establish 
ing a value for permissible amplitude of torsional vibration, a 
novel system has been applied by the Naval Bureau of Acro 
nautics. Basically, it consists of determining the amount ot 
twist produced in the crankshalt when acted upon by a torque 
equal to rated engine torque and, using this value, multiplied 
by a constant factor, tor the permissible amplitude in torsional 
vibration. The value of the constant factor was based on 
experience gained from a number of engines which were 
designed close to the danger limit and in which failure trom 
fatigue occurred only after several hundred hours of operation. 
It was confirmed further by analysis from a purely theoretical 
point of view involving considerations of maximum allowablc 
negative torque and commonly used values of design stress. 

This method, in effect, is based on the assumption that all 
crankshatts are designed with a certain minimum factor of 
safety. This is not such a broad assumption when it is con 
sidered that all engine designers are impelled by the same 
motive, namely, to provide adequate strength with the least 
possible weight. Engines departing widely from this premise, 
however, such as those having too high a factor of safety or, 
designed with critically high operating stresses, either will be 
penalized or favored automatically, as the case may be, by the 
value of permissible amplitude thus established. This method, 
therefore, is indicated to be of greatest value when applied to 
conventional engines, designed along conventional conserva 
tive lines. Engines falling outside this classification, however, 
can be handled satisfactorily by a suitable modification of the 
constant factor, based on additional knowledge of the problem 
on hand. No method is really adequate in such cases except 
detailed stress calculations, as will be discussed later. 

For the purpose of this method only, the crankshatt is 
assumed to consist of the portion between the point just behind 
the propeller where the splines start, and the center of the last 
crankpin. This is, for all practical purposes, the portion of th 
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Fig. 2— Recommended limiting conditions of operation for 
torsional vibration survey are shown in this figure 
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crankshaft that is deflected by single-noded torsional vibration. 
See Fig. 3. Experience on numerous engines has indicated the 
following values for the constant factor for single-noded vibra 
tion to be safe and yet not too stringent: 

1.5 For engines having crankshafts with one throw. 

1.0 For engines having crankshafts with two or more 
throws. 

The basic conclusion is that 1.5 times the twist resulting 
from the application of rated torque is a permissible value ot 
torsional vibration for all engines. However, crankshafts with 
more than one throw produce in vibration a normal elastic 
curve different from that produced in a static twist test. For 
a given stress in the propeller shaft, the static deflection at the 
rear crank cheek is always greater than that of the normal 
elastic curve. See Fig. To compensate for this condition, 
the constant factor for crankshafts of more than one throw is 
reduced to 1.0. This value assumes a ratio of 1.5 to 1.0 tor the 
rear-cheek deflection in static twist to that in vibration. Actu 
ally, it is seldom that high, especially for crankshafts of few 
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Fig. 3—The portion of each type of crankshaft indicated is 
employed for determining amplitudes by the crankshaft- 
deflection method 


throws, such as double-row radials and in-line engines with 
high flexibility in the propeller shaft system. Such engines, 
however, generally are designed with lower factors of safety, 
either because of the greater number of cylinders and the con 
sequent lower torque fluctuation, or the necessity for high 
operating stresses in the propeller shaft system to achieve the 
desired flexibility. The reduction of the constant factor for 
multithrow crankshatts from 1.5 to 1 is thus justified. 

It might be argued that an allowable amplitude of vibration 
greater than the steady twist due to mean engine torque is not 
desirable since it allows some negative torque. Experience has 
shown, however, that a small amount of negative torque is not 
harmful and can be tolerated readily in geared systems. 

In the case of two-noded vibration in in-line engines, advan 
tage is taken of the fact that the second node always occurs 
close to the crankshaft center. Applying the same line of 
reasoning as was used for single-noded vibration, the basic 
crankshaft length to consider is the portion from the center of 
the crankshaft proper to the center of the last throw, as shown 

Fig. 3. Again, to compensate for the form of the normal 
elastic curve, the constant 1s reduced from 1.5 to 1.0. To allow 
for the general case where the second node is not exactly at 
the center of the crankshaft, a further reduction from 1.0 to 
0.8 is warranted. Thus for two-noded vibration the permis 
sible amplitude is: 

0.8 times the twist resulting from the application of rated 
torque in the portion of the crankshaft from the center of the 
last throw to the center of the crankshaft proper. 

The actual values of the constant factors for this method of 
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Fig. 4—The equivalent crankshaft system with one- and two- 

node normal elastic curves, shows that the static deflection 

at the rear crank cheek is always greater than that of the 
normal elastic curve 


determining permissible amplitudes of vibration were based 
on the experience gained from several engines used in the 
Naval Service which are listed in Table 2. Engines were 
selected which had produced repeated fatigue failures attrib 
utable to torsional vibration after varying periods of operation. 
It will be noted that the permissible vibration limit was chosen 
as approximately 60% of the amplitude that produced fatigue 
failures. 


Table 2 


Crankshaft 


Actual Twist with Permissible 
Engine Type Maximum Rated Vibration, 
Vibration, deg Torque, deg deg 

A Small single-row, direct-drive +0. 60 0.20 +() 30 
B Large single-row, direct-drive +0 .30 0.14 +() 2] 
C Large single-row, geared +().70 0.28 +() 42 
D __ Double-row, direct-drive +() 40 to 0.75 0.30 +() 30 
E V-12, direct-drive + 1.67 (1 node) 1.02 +] 02 
F V-12, geared* +1.70 (1 node) 1.65 = 1.65 


* Repeated failures caused by obvious stress concentration at one point. 
Presence of two-noded vibration at same speed at which single-noded maxi 
mum amplitude occurred probably contributed to failure. 


When compared to the fixed-limit system, this method 
shows several advantages. It is a fair attempt at arriving 
a limit based on crankshaft stresses. It has a broader range of 
application because it refers to the characteristics of the par 
ticular crankshaft under consideration. This method has been 
applied to many engines by the Navy Department. The results 
generally have been satisfactory and have borne out service 
experience. The engine manufacturers concerned have not 
felt that the limits thus determined imposed any unnecessary 
hardships. 

In applying this method, the value of the crankshaft twist 
under rated engine torque either may be calculated or, better 
yet, determined experimentally with the engine in the assem 
bled condition. For single-row radials, where torsiograms 
have been obtained and the natural frequency of the crank 
shaft has thus been determined, it is perhaps just as well to 
calculate the allowable amplitude from the following formula: 


6730 T 
us (BES 
where: If? 


9 = permissible amplitude of torsional vibration measured at 
the rear crankcheek, deg. 


T = rated engine torque, ft-lb. 

f = natural torsional frequency of crankshaft determined from 
torsiograms, cycles per sec. 

I = equivalent moment of inertia of crankshaft rotating 


svstem, in lb-in.? 
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Table 3-—Calculation of Single-Node Torsional Vibration Frequency — Engine as shown in Fig. 4 





Frequency = 113.2 cycles per sec 
Ip? 
Mass I, - r, 
No. Ib-in.? 10° radians 
1 100 1.310 1.0000 
2 100 1.310 0.9673 
3 100 1.310 0.9029 
+ 100 1.310 0.8090 
5 100 1.310 0.6885 
6 100 1.310 0.5455 
7 300 3.930 0.3846 
8 50,000 655.0 —(.0127 


In the case of double-row and in-line engines, the distribu- 
tion of the rotating parts along the crankshaft precludes use 
of the simplifying assumption that the rotating crankshait 
masses are concentrated at the center of the crankshaft, as is 
done in the foregoing formula. Moreover, in this formula, the 
length of crankshaft considered is from the node to the eflec- 
tive center of the rotating parts and not to the center of the 
last throw, as required. Calculation of the crankshatt stiffness 
involves considerable uncertainty, especially in geared systems. 
Experience has shown that, for multithrow crankshafts, it is 
desirable actually to apply a torque on the crankshaft system 
and measure the crankshaft deflection. One or more cylinders 
may be removed for the purpose of gaining access to certain 
points in the crankshaft. The crankcase may be considered 
perfectly rigid, even for in-line engines, and measurements ot 
deflection at the two ends of the crankshaft can be made 
relative to the crankcase. The only possible exception is in the 
case of an in-line engine with the propeller rotating in the 
opposite direction to the crankshaft, where the torque trans 
ferred to the crankcase is high. Here, measurements of the 
crankcase deflection relative to fixed points outside should be 
made and added to the total deflection. Ordinary 0.0o1-in. 
dial gages may be used. 

The torque may be applied either to the propeller shaft with 
the rear of the crankshaft held fixed, or vice-versa. In general, 
especially in geared systems, it is best to apply the torque at 
the end which is more flexible. The following formulas will 
be found useful in making twist tests on geared engines: 

(a) For the case where the torque is applied at the propeller 
shaft: 


(b) For the case where the torque is applied at the crank 
shaft: 


T. 
k =x - 
B — Na 
where: 
k = crankshaft stiffness. in.-lb /radian deflection 
T, = torque applied at propeller shaft, in-lb 


¢ = torque applied at crankshaft, in-lb 

= ratio of crankshaft to propeller shaft speed 

a = absolute angular twist, at propeller shaft end, radians 
8 = absolute angular twist at crankshaft end, radians 


- 
II 


In general, it will not be possible to measure the crankshaft 
deflection to the exact points desired. In such cases, the 
nearest accessible points should be chosen and correction made 
to the required points by calculation of the stiffness of the 
intervening parts by the proper formulas. 

This method of establishing permissible limits of torsional 
vibration has proved itself useful and provides a certain mea 
sure of rationality in the approach. However, it does possess 


‘ a few disadvantages over the fixed limit system, which must 


p =f/3.13 = 36.2 Pp 1310 
Ip*d > Ip?r h = [pn 
It LG? 10°, A 
in.-lb /radian 
1.310 1.310 1.00 0.0327 
1 .268 2.578 $ OU 0.0644 
1.181 3.759 + OO 0.0939 
1.060 4 S19 4.00 0.1205 
0.901 5.720 + O00 0.1430 
0.715 6.435 + O00 0.1609 
es) | 7.946 2 00 0.3973 
—8.310 --() .364 


not be overlooked. Firstly, there is a certain amount ot labo: 
and calculation involved in arriving at the permissible ampli 
tudes for each engine. Also, there is the consideration that the 
limit thus determined may vary somewhat, depending on the 
formulas or accuracy of the process by which it was tound 
and, theretore, may lead to dispute. In some cases this is an 
important consideration. 

Neither of the two methods discussed is entirely reliable. 
No method can be which does not take into consideration th« 
naximum vibratory stresses. For, atter all, stresses are the real 


criteria for judgment of the severity of the vibration. 


Calculation of Vibratory Stresses 


Calculation of the crankshaft stresses produced by vibration 
is a long and tedious process, beset with many difficulties and 
necessitating many approximations. Moreover, there is the 
danger that, if the task is not performed carefully, it may 
result in a false sense of security. Failures in crankshafts are 


produced not by the mean stresses which are easily and accu 


rately computable, but from stress concentrations near splines, 


fillets, threads, and oil holes. These stresses cannot be calcu 
lated with any degree of certainty unless the designer is care 
ful to estimate as closely as possible the influence of all such 
factors in the design. Notwithstanding this obstacle, the fact 
still remains that the only really rational approach to the 
problem is to attempt to gain a knowledge of the stresses 
involved. The answer thus obtained should be the most 
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Fig. 5-The torque distribution in the crankshaft elements of 
the illustrative example is shown graphically 
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Table 4—Caleulation 
Frequency 292 cycles per sec 
Ip? 

Mass 2 r, 
No. Ib-in.? 10° radians 
l L100 8.70 1.0000 
2 100 8.70 0.7830 
3 100 8.70 0.3955 
4 100 8.70 0.0785 
5 100 8.70 -Q 5350 
6 100 &.70 -0 8750 
7 300 26.10 —1.0250 
S 50,000 $350 +0. 0150 


rcliable one that can be derived by any process. No engine 
should go through the development stage without a serious 
attempt at calculation of the crankshaft vibratory stresses. 
The procedure for calculating the maximum stresses in a 
crankshaft vibrating torsionally is divided into five major 
steps. These will be outlined and discussed in their proper 
order. The hypothetical engine of Fig. 4, having a six-throw 
crankshaft (which represents a general design), shall be taken 
to illustrate the process of computation. The engine rating 1s 
assumed to be 500 hp at 3000 rpm. The stress conditions 
produced by simultaneous vibration amplitudes of 


1.20 deg 
tor one-noded vibration and 


0.24 deg for two-noded vibra 
tion are to be investigated. The results will be tabulated in 
Table 5. 

1. The first step is to compute by the Holzer or tabulation 
method, the first-mode and second-mode natural frequencies 
of torsional vibration for the engine. The process is explained 
in many textbooks on the subject”. The data needed are the 
suffness factors and moments of inertia of the component 
parts of the system. These values must be as accurate as 
possible. The former preferably should be checked by actual 
twist tests on the assembled engine. Otherwise, surprisingly 
large errors may result, especially in geared systems. The 
frequencies thus computed should check the experimentally 
determined frequencies within a few per cent. The closest 
Holzer solutions for the example chosen are given in Tables 
3 and 4. 


+ 


2. Compute the vibration torque in each element of the 
crankshaft for each mode of vibration. The procedure is very 
simple. Column 6 of Tables 3 and 4, labeled = Jp?\ is the 
vibration torque in in-lb in each section of the crankshaft for 
an assumed deflection of one radian at Mass No. 1. Dividing 
this value by 57.3 gives the vibration torque for a deflection 
of 1 deg at Mass No. 1. This value is tabulated in Columns 
2 and 5 of Table s. Multiplying these values by the assumed 


vibration amplitudes of 1.20 deg and 0.24 deg for first 
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of Two-Node Torsional Vibration Frequency — Engine as shown in Fig. 4 


p =f/3.13 = 93.3 p? = 8700 
Ip? > I pr k ~ [pr 
10: 10 10°, k 
in.-lb/radian 
8.70 S$ .70 4.00 0.2170 
6.81 15.51 t.00 0.3875 
3.44 18.95 4.00 0.4740 
6.83 18 .27 1 00 0.4565 
4.66 13.61 4.00 0.3400 
7.61 6.00 4.00 0.1500 
—~26 .80 20.80 2.00 1.0400 
+65 .30 +44 50 


and second vibration modes, respectively, we obtain the actual 
vibration torque for the example chosen. These values are 
tabulated in Columns 4 and 6. The frequencies of the two 
modes of vibration are different so that, periodically, they will 
be in phase and add up directly. The maximum total vibra 
tion torque, therefore, is obtained by adding Columns 4 and 6, 
and is tabulated in Column 7. 

3. The next step is to compute the total torque in each ele 
ment of the crankshaft. The total torque is the sum of the 
maximum engine torque plus the vibration torque which al- 
ready has been determined. The engine torque is obtained by 
plotting the torque curves for each section, produced by the 
throws acting thereon, and using the maximum value in the 
cycle. (The mean value of torque should be used in the sec- 
tions between the propeller and the nearest throw when the 
vibration under consideration is of fundamental trequency.) 
This procedure netted the following ratios of maximum-to- 
mean (rated) torque for the Allison engine of Reference 1, 
and these same ratios were applied in this example: 


Section Maximum / Mean Torque 
I-2 0.90 
2-2 1.50 
3-4 1.25 
4-5 1.60 
5-6 1.45 
6-7 (nearest propeller) 1.20 


The values thus determined are tabulated in Column 8. 
(The use of maximum engine torque may, perhaps, be not 
entirely justifiable, since inertia effects will tend to lower th 
value of the resultant twist. The vibration torque, on the other 
hand, is on the conservative side due to the simplifying 
assumption of concentration of the rotating masses. The two 
: The total 
torque, which is the sum of Columns 7 and 8, is given in 


sources of error are, therefore, compensating. ) 


Column 9. The value of mean engine torque, to be used in 
the stress-range diagram calculations, is given in Column 10. 
The various values of torque obtained by these calculations, 
for the example chosen, are plotted on Fig. 5. 


Table 5— Caleulation of Maximum Crankshaft Stresses —- Engine of Fig. 4—Rating—500 HP at 3000 RPM 
1-Node 2-Node Total 
Vibration Torque, Vibration Torque, Vibration Maximum Mean Maximum 
Crank- ks in-lb in-lb Torque Engine Total Engine ‘Torsional 
shaft I deg at 1.20 deg 1 deg at 0.24 deg l-and 2- Torque, Torque, Torque, Crankshaft 
Section 10° Mass 1 at Mass 1 Mass 1 at Mass 1 Node in-lb in-lb in-lb Stresses 
1-2 4.0 2,280 2,740 15,160 3,640 6,380 9 450 15,830 1,750 
2-3 1.0 4,490 5,390 27 ,000 6,480 11,870 15,700 27 ,570 3,500 
$4 +.0 6,550 7,860 33, 100 7,950 15,810 13,100 28 ,910 5,250 
1—5 4.0 8,410 10,100 31,800 7,640 17 ,740 16,800 34 , 540 7,000 
5-6 4.0 10,000 12 ,000 23 , 700 5,690 17 ,690 15,200 32 ,890 8,750 
6-7 4.0 11,220 13,500 10 ,460 2,510 16,010 12 ,600 28 ,610 10,500 
7-8 2.0 20 ,750* 24 ,.900* 53 .000* 12 ,700* 37 ,600* 18 ,900* 56 .500* 15,750* 


* Multiplied by 3/2 to correct for reduction-gear ratio. 
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4. Having obtained the value of total torque acting on each 
section, we are now ready to compute the stresses resulting 
therefrom. This is the portion of the calculations that is the 
least definite, involves the greatest possibility for error and, 
at the same time, is the most important. No attempt will be 
made here to cover all or any specific cases in detail. It will 
be considered sufficient to point out some of the principal 
sources of information needed for execution of this task. Ref- 
erences 3, 4, and 5 give formulas for computation of stresses 
of crankshaft elements. References 3, 5, 6, 7, 8, 9, and 10 give 
values of stress-concentration factors. The following sources 
of stress concentration in crankshafts are mentioned in their 
order of importance: splines, keyways, oil holes, threads, 
grooves, abrupt changes of section, fillets, and surface finish. 
In computing the maximum stresses, scrupulous care must be 
taken to determine the effect of all these sources of stress 
magnification to the most exact degree possible. The value of 
this series of calculations depends entirely on this point. This 
fact cannot be overemphasized. It need hardly be mentioned 
that, in addition to the torsional stresses, it is necessary to 
compute the flexural stresses as well to obtain the total com- 
bined stresses, although these flexural stresses are usually of 
lesser importance. 

5. A knowledge of the maximum stresses has been obtained. 
The problem that next presents itself is to determine whether 
they are within permissible limits. Crankshaft failures are 
generally of the fatigue type, resulting from repetition of 
stress. The endurance limit determined by the stress-range 
diagram is, therefore, the important criterion. Moore and 
Kommers® suggest the use of the “Constant-Range Relation” 
for torsion and the “Modified Johnson-Goodman Formula” 
for flexure because they come nearest to representing the 
results of actual tests. These diagrams are shown in Fig. 6 
and are expressed mathematically as follows: 


Constant-Range Relation (for torsion) 


2 S_, 
Smax ee 
1-1 
Modified Johnson-Goodman Formula (for flexure) 
¢ 3 S_y 
Omaxs =~ ~ Sedieas 
2-7 
Where: 
Smax = Maximum unit stress during cycle. 
S_, = Endurance limit for complete reversal of stress. 


r 


ll 


Ratio of minimum to maximum stress during cycle. 


In the use of these formulas it must be understood that 
Smax is never to exceed the yield point for the material. The 
value of S_; should be obtained from actual experimental 
results. The value of the endurance limit for a variety of 
steels, both in torsion and flexure, is given in References 6, 7, 
and ro. In using these diagrams, first compute the steady 
stress that results from the mean engine torque (or mean 


load) alone. Locate this value on the mean stress line of the 


"See “Strength of Materials,’ Vols. I and II, by S. Timoshenko, D. 
Van Nostrand Co., 1930. 


4 See Air Service Information Circular No. 421, April 1, 1923: “Stand- 
ard Method of Engine Calculations.” 


5 See “Handbook of Aeronautics,” Vol. II, by A. Swan, Pitman Publish- 
ing Corp., 1938 


®See “The Fatigue of Metals,” by H. F. Moore and J. B. Kommers, 
McGraw-Hill Book Co., 1927. 
™See SAE Transactions, Vol. 30, November, 1935, pp. 412-418, 421: 


“An Analysis of Critical Stresses in Aircraft-Engine Parts,” by C. F. 
Taylor. 


8 See “Formulas for Stress and Strain,’ by R. J. Roark, McGraw-Hill 
Book Co., 1938. 

®See Zeitschrift des Vereines Deutscher Ingenieure, Oct. 26, 1935, 
pp. 1303-1306: “Zur Frage der Formziffer,” by A. Thum and W. Bautz. 


10 See NACA Technical Memorandum No. 743, 1934: “Fatigue Strength 
of Airplane and Engine Materials.”’ by Kurt Matthaes. 
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Fig. 6—Stress-range diagrams are shown for flexure and 
torsion 


diagram. The maximum crankshaft stress, to be considered 
permissible, should fall below the Smax line. A fair margin 
of safety is desirable to allow for the simplifying assumptions 
and possible errors of judgment in the stress calculations. It 
stresses do not fall within permissible limits, it should be a 
comparatively simple matter to work back and determine what 
amplitudes will produce the limiting stresses. 

It is to be noted that, in the problem chosen for illustration, 
it was assumed arbitrarily that the most serious stress condi 
tion was that produced by + 1.20 deg amplitude for vibration 
of the first mode and + 0.24 deg for vibration of the second 
mode. Since equal amplitudes for the two modes of vibration 
do not, in general, signify equal stresses, it would have been 
entirely possible to produce higher stresses at the same, or 
different, point in the crankshaft with a lower total combined 
amplitude. It is therefore necessary to survey the situation at 
several speeds, including the speeds for maximum first-mode 
and maximum second-mode vibration. 

A very important point brought out by this series of calcu 
lations is that, for in-line engines, independent amplitude 
limits cannot be set for one-node and two-node vibration. 
Their combined action must be considered where they appear 
concurrently. This is a weakness possessed by both of the 
methods previously discussed and may furnish the explanation 
for their inadequacy in some applications. 

At first sight it would seem that the process of computing 
vibratory stresses is an extremely laborious one. Closer investi 
gation, however, will show that many portions of the proce 
dure indicated may be omitted. For example, certain sections 
of the crankshaft are always obviously understressed, and may 
be omitted from consideration. The propeller end and the 
center of the crankshaft are generally the only parts requiring 
complete investigation. For cases where more than one speed 
is to be investigated, with different amplitudes, the re 
calculation can be carried out largely by ratio multiplication. 
Radial engines with crankshaft systems made up of only a 


few sections require little computation, and the absence of 


two-node vibration greatly simplifies the problem. 

The merits of the stress-computation method for determin 
ing the permissible amplitudes of torsional vibration need 
hardly be expounded. It is obviously the most direct and most 
rational approach to the problem. The accuracy attainable is 


limited only by the thoroughness and the refinement of the 


calculations. Its disadvantages are that it entails considerable 


effort and the results are always open to some argument. 


There is, therefore, some doubt as to the advisability of a 
procuring agency adopting this method as a standard checking 


procedure. However, there is no question that every engine 
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manutacturer should go through such a set of calculations to 
prove to his own satisfaction the acceptability of his engine 
trom the standpoint of torsional vibration. 


Propeller Vibration 


It has been pointed out that, with the more prevalent use 
of propellers of increasingly large diameters, the factors of 
safety in propeller design have, perforce, been reduced. The 
vibration problem has been shifted thereby from the crank 
shaft to the propeller. Therefore, since the crankshaft serves 
as the principal source of excitation for propeller vibration, 
the problem of maximum permissible crankshaft vibration 
should, more properly, be viewed from the angle of the maxi 
mum that can be tolerated by the propeller. This line of 
reasoning is not strictly correct, as shall be explained. 

Propeller failures are divided into two general classes 
shank failures and tip failures. Shank failures generally are 
caused by low-frequency vibrations comparable to the natural 
frequencies of crankshafts. Tip failures, on the other hand, 
are caused by vibrations of Aigher frequency which sometimes 
are of such small magnitude as hardly to appear on torsio 
grams. They are, therefore, automatically eliminated from 
consideration. Shank failures are usually a result of a reso 
nance condition between the crankshaft natural frequency and 
one of the propeller frequencies. In many cases, this resonance 
may be eliminated by a small change in either design or 
diameter of the propeller, sufficient to change the natural 
frequency. 

The magnitude of torsional vibration at the rear of the 
engine bears a constant relation to the amplitude of vibratory 
motion of the propeller shaft only for a particular engine- 
propeller combination, and then only for one mode of vibra 
tion. The difficulty of generalizing on this point is at once 
apparent. As a final argument, it should be considered that 
propeller failures frequently occur on well-damped radial 
engines whose recorded amplitude of torsional vibration at 
the rear of the crankshaft is well below the limit set by any 
ot the three methods mentioned. 

In the light of present knowledge, propeller vibration must 
be considered a separate and distinct problem peculiar to each 
engine-propeller combination, and requiring separate and indi 
vidual consideration. Any positive indication of high propeller 
stress should be traced to its source and a suitable remedy 
worked out by collaboration between the engine and propeller 
manufacturers. Any attempt at a general wholesale reduction 
of the maximum permissible limits of torsional vibration, 
ostensibly to promote a safer operating condition for the 
propeller, will impose unnecessary and undue hardship on 
the engine manufacturer and actually may result in inferior 
sum-total performance. 

The author’s afhliation with a Government agency renders 
it necessary to emphasize the fact that all views or opinions 
stated herein are strictly his own, and in no way necessarily 
represent the actions or policies of the Navy Department. 


Discussion 


Direct Measurement of 
Crankshaft Strains Recommended 
—R. A. Cole 


Wright Aeronautical Corp. 


R. MASI’S paper describes a new attack on the problem of crank- 
shaft vibration from an interesting angle. The method has dis- 
advantages, as Mr. Masi points out; it tends to penalize conservative 
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design while permitting larger torsional amplitudes in engines with lower 
factors of safety, but it must be welcomed as an attempt to treat the 
problem in a more rational manner. 

In the final analysis, the permissible amplitude of torsional vibration 1s 
the maximum amplitude which may exist at the specified location with 
out failure occurring from vibration in any part of the crankshaft system. 
This system includes not only the crankshaft, reduction gear, and pro- 
peller shaft; it takes in the propeller, the engine-driven accessories, and 
the engine structure as well, for they may affect the frequency and mode 
of vibration. Since amplitude is one of the variables which determine the 
oscillatory stresses or strains in a given system, it has served in the past 
as a measure of the stresses arising from the vibration, at least for 
similar engines. It gave us little help in engines that departed from con 
ventional design. Nevertheless, amplitude had the great advantage of 
being measurable with available equipment, or rather with equipment 
which then could be developed for the purpose. More recent advances in 
electrical devices have made measurements possible and practical by remote 
control, with a degree of accuracy hardly believed possible even five years 
ago. Yet the amplitude limits of both the old arbitrary standard and the 
new static-deflection method are being exceeded by some engines every 
day, without evidence of failure. Instances also have been found where 
failures occurred in the crankshaft or the propeller, even though the 
prescribed limits were not exceeded. These cases are perhaps the excep- 
tions which remind us not to hold too strictly to the amplitude rule. The 
cause of failure is stress rather than amplitude. 

The propeller problem has been simplified in the last year or two by 
the technique of making direct measurements of the vibration strain at 
any desired point on the propeller. This technique gives not only the 
magnitude of the strains, but their frequency and phase. Such informa- 
tion frequently enables the manufacturer to track the disturbance to its 
source, and may lead to its elimination without serious increase in weight. 
After all, freedom from failure is not enough —it must be obtained with 
minimum cost in weight of the entire installation. 

It obviously would be poor economy to spend 50 lb in the engine to 
save 5 lb in the propeller, or vice versa. The design of the airplane is 
also an important factor, as excessive propeller stresses are reported to 
arise from engine-mounting design, as well as blade-interference and 
other aerodynamic causes. Close cooperation between manufacturers of 
all components is necessary, and is being achieved. 

But the methods of stress-and-strain measurement have not yet been 
applied successfully to the operating crankshaft as they have to the pro- 
peller and other external parts. When that goal is reached, we no longer 
shall be forced to guess at stress-concentration factors, or to measure 
amplitudes at locations where parts do not fail. It will not be an easy 
goal to attain, even with attendant refinements in computation methods, 
but it must be kept in view. 


Takes Issue with 
Several Assumptions 


— George L. Williams 
Pratt & Whitney Aircraft, 


Division of United Aircraft Corp. 


HE system proposed by Mr. Masi apparently represents a rational 

approach to the difficult and exceedingly comglex problem of setting 
up a specification for permissible amplitudes of crankshaft vibration. The 
proposed method accepts the fact that torques and stresses set up by 
vibration are dependent on the stiffness of the system as well as on the 
amplitude of motion. Setting up separate limits for direct drive and 
geared engines represents a partial acceptance of the principle advocated 
by Mr. Masi. 

Certain disadvantages seem apparent in the proposed method. The 
system is based on the assumption that all crankshafts should be designed 
based on the same factor of safety as of several years ago. This assump- 
tion is in spite of great improvement in knowledge and‘ treatment of 
problems in crankshaft vibration. It ignores the fact that, in order to 
avoid prohibitive weight in the propeller, large increases in engine size 
and output have been accompanied by comparatively small changes in 
propeller blade and propeller shaft sections. In the space of 3 yr the 
power taken out through the same size propeller shaft has been more 
than doubled. This accomplishment, without sacrifice of reliability, has 
been made possible by recently developed methods for measurement of 
propeller vibration and stress together with the improved treatment of 
crankshaft vibration and careful collaboration to obtain a satisfactory 
combination of engine and propeller. The allowable amplitudes obtained 
by Mr. Masi’s method would not be permissible anyway, in some recent 
large engines, on account of other factors such as propeller stress and 
accessory-drive requirements. 

As pointed out by Mr. Masi in his discussion of propeller vibration, 
each engine-propeller combination presents a distinct problem peculiar to 
itself. It is a complex system with several modes of vibration and several 
natural frequencies. The mode which produces the largest amplitude at 
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the rear of the crankshaft may not be, and often is not, the cause of the 
highest stress, especially in the propeller. There are definite cases in 
which the highest blade stresses are accompanied by very small amplitudes 
of vibration at the rear of the crankshaft. 

Touching briefly on the subject of propeller vibration, problems of high 
blade stress may be divided into two general groups of high shank stress 
and high blade tip stress. High shank stress is generally associated with 
a torsional vibration of the crankshaft of considerable amplitude, and the 
solution of such problems is usually fairly straightforward. The more 
elusive high tip stress, resulting usually from one of the higher-frequency 
modes, generally is accompanied by only a slight vibration of the crank- 
shaft, and special analysis and treatment of each problem are required. 
It is apparent that, in such cases, a limit on the maximum amplitude 
measured with the torsiograph will contribute little toward development 
of a satisfactory combination of engine and propeller. In fact, such a 
limit may complicate the problem in that a change in flexibility of the 
system to alleviate high blade tip stresses may lead to increased difficulty 
in meeting a fixed specification on amplitude at the rear of the crank- 
shaft. The continued assumption that the propeller can be represented 
as a rigid flywheel of infinite moment of inertia and the crankshaft- 
propeller combination a simplified system of two modes of vibration, and 
that a limit on the amplitude of these two modes, based on service 
results, will insure safe stresses, is proving entirely inadequate for present 
problems with large radial engines, especially when the mode causing 
high stress is neither of these represented in the simplified system. 

To complicate the situation further, the measurement of blade stresses 
on a test stand with its aerodynamic peculiarities and lack of forward 
motion to simulate flight has not been found a reliable prediction of what 
the flight stresses will be. Flight tests of an engine in the development 
stage are often very inconvenient, and it is to be hoped that, with further 
experience, an approximate correlation between test house and flight re- 
sults may be established. Apparently the stresses in actual flight are not 
as high as test-house measurements indicate. 

The primary object is, of course, the provision of an engine-propeller 
combination in which the stresses are safe, and it does not seem that 
there should be a restriction on this development, especially by an inflex- 
ible, close limit which makes no allowances for the peculiarities of the 
particular problem and which may make a satisfactory solution more 
difficult to attain. The general feeling which seems to exist, apparently, 
shared by Mr. Masi, that crankshaft vibration and adaptation of an 
engine to a propeller are separate and distinct problems and that high 
propeller stress can be overcome by a relatively minor change in the 
system, has not been so far borne out in practice. Natural frequencies 
change only as the square root of changes in stiffness. The range over 
which stresses must be satisfactory may be for a rated speed of 2400 rpm, 
from 1200 rpm to 3120 rpm. A condition of high stress anywhere near 
the middle of this range is not likely to be eliminated by a slight change 
in the system. Nor can a drastic change in one mode of vibration be 
made without, generally, a considerable change in the other modes. To 
develop an engine to meet a given specification on torsional vibration 
and then to collaborate with the propeller manufacturer to eliminate any 
high stresses due to resonance in the combination by slight modifications 
of the constants of the system is a simple statement which, unfortunately, 
is generally anything but simple in practice. In the extreme, the manu- 
facturer might find it necessary to develop two engines simultaneously, 
one to meet the specification and the other to be safe to operate in flight. 


Questions Feasibility of 
Amplitude Specifications 
—E. 8S. Taylor 


Vassachusetts Institute of Technology 


HE apparent objective of specifying crankshaft torsional amplitude 

limits is to prevent service failures due to crankshaft torsional vibra- 
tion of crankshafts, propellers, or accessory drives. Since Mr. Masi con- 
fines his paper to a discussion of the relation of crankshaft vibration 
amplitude to failures in the crankshaft itself, these remarks also will be 
confined to a consideration of the crankshaft, although the aspect of the 
problem presented by the propeller may be more important. 

If the success or failure of a crankshaft could be predicted accurately 
from vibration measurements alone, it would be a simple matter for the 
engine manufacturer to keep within safe amplitude limits and thus pre- 
vent failures. The matter is, however, by no means so simple, principally 
because known methods of computing stress are most unsatisfactory. 
Evidence supporting this statement may be found in the fact that de- 
signers find it necessary to apply a very large factor of safety to the 
fatigue limit of the material in order to obtain a safe working stress. 

The responsibility for crankshaft failures in normal service should and 
does rest with the engine manufacturer, whether or not specifications on 
vibration amplitude are imposed by the customer. 

It seems to the writer that, along with complete responsibility should 
go complete freedom in design, in other words, the wisest specification 
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for a customer to write is that the “‘crankshaft shall not fail in normal 
service.” 


Engine manufacturers should, and usually do, mak 


known means to assure that no failures occur. Under these circu 
stances, a specification of maximum amplitude of torsional crankshaft 
vibration does not operate to reduce failures but it may, if rigidly applied, 


result in the distortion of proper design to conform to the specification 
and the suppression of originality. As a result, progress 1s retarded. If 


such a specification is taken seriously, it may also lead to a fa ns 
security. 


Defends Use of 
Fixed Restrictive Limits 


—F. L. Prescott 
U.S. Army Air Corps 


R. MASI has attacked the problem of torsional vibration in aircraft 
engines with commendable thoroughness. He has developed suit 
able equipment for the performing of the twist test which he describes 
in his paper and has demonstrated clearly that the method of applying 
twist test to aircraft engines produces most acceptable result 
Any remarks which are made are not intended to detract trom th 
excellence of the work which has been done leading up to the twist-tes 
method of determining permissible limits of crankshaft torsional deflec 
tion. However, he states that agencies that have used fixed restrictive 
limits frequently have been forced to change the limits to suit individua 
engines rather than modify the engine to meet the limits. This statement 
hardly seems fair to the so-called method of fixed restrictive limits 
These limits have not been modified at frequent intervals in order to 
accommodate engines which did not come within the limits. The estab 
lishing of limits which are sufficiently low to insure safe operation wa 
facilitated greatly by the development of suitable damping means to 
incorporate within an engine in order to reduce the torsional-vibration 
amplitudes to values below those referred to as fixed restrictive limits 
The statement is made that the use of fixed restrictive limits is not a 
rational method of attack. It is pointed out that neither is the twist-test 
method a completely rational method of attack in view of the fact that 
the factors or constants to be applied in the case of the twist-test method 
are themselves gained from disastrous experience with engines which 
have failed in service. In the case of the so-called fixed restrictive limit 


the limits themselves were determined for the various classes of engines 
on the basis of engine failures. Consequently, the fixed limit method 
appears to have a great deal to recommend it. Mr. Masi has mentioned 





the fact that the interpretation of twist-test results ma id to argu 
ments between manufacturers and procuring agencies. The possibility o 
misinterpretation of results is removed immediately by the use of the 
so-called fixed restrictive limit. All that is necessary is a reliable tor 
siometer which is capable of frequent calibration to insure that the record 
obtained are, at all times, dependable. Such instruments are available and 
the records, when examined, provide the means of determining \ 

or not the torsional vibration falls within the required limits. In tl 
connection it should be pointed out that the interpretation of torsiomete: 
records also has led to misunderstandings in the matter of liane 
with torsional-vibration requirements. For example, in one case a_ pri 
nounced half-order vibration was plainly apparent in one set of record 
at a certain speed of the engine. Another set of 1 yrds, taken at a 
different time, did not show the half-order vibration shown in t 
previous set of records. This condition appears to indicate that on 
cylinder of the engine in the first case was not firing, either due to fault 
ignition or fuel distribution. It is obvious that, in thi ase, tl arge 
half-order vibration should have been discounted sin it is not th 
intention to operate the engine any longer than nec ur vithout 
cylinders firing. 

The twist-test method of attack is, as Mr. Masi says, based on th 
assumption that all crankshafts are designed with a certain minimum 
factor of safety. This is obviously an unwarranted assumption in view of 
the fact that extremely short and stiff crankshaft propeller ends have been 
used on single-row radial engines, while very flexible syst incorpora 
ing quill shafts are becoming common in the case of in-line engines. The 
use of a flexible member such as a quill shaft or spring coupling in the 
engine-propeller system provides a ready means of changing the funda 
mental frequency of the crankshaft-propeller system. It has thus been 
possible to move undesirable periods of torsional vibration outside of th 
operating speed range of the engine in order to minimize the difficulty of 
providing sufficient damping of the crankshaft-propeller system 

Mr. Masi assumes as a basis of calculation that the alternating torque 
or stress due to torsional vibration at the nodal point may be 1.5 times 
the steady torque stress. This condition would permit a stress range from 
+- 2.5 to — 0.5 times the direct torque stress at the rated or cruising 
speed and power of the engine. This range obviously would be unde 


sirable and would call for the removal of a period of this kind either 
upward or downward as might appear most desirable after examination 


of the individual case. It also appears that Mr. Masi’s method would 
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permit a vibration stress 5 times that due to rated torqui 


torque were reduced to 50% of the rated torque of th 
cruising and permit a torsional 
of + 2 to torque stress. this kind have 
been experienced in undamped geared radial engines in which it could 
not be told from 


even though th« 


engine tor purposes, would stress rang 


times the direct Cases of 


examination of the reduction gears which was the 
loaded side of the geal tooth A case of this sort clearly would demand 
remedies other than merely holding to the maximum of © 1.5 times the 


torque stress. 


Mr. Masi states that “‘after all, stresses are the real criteria for judg 
ment of the severity of the vibration.” He also points out that propelle: 
stress considerations may force revision of the permissible limit of tor 
sional vibration. If accessories, including magnetos and camshafts, are 


driven from th 
to hold the 


since 


rear end of the crankshaft, it inevitably will be necessar 
permissible limit of torsional vibration to a reasonable value 
failures, valve or ignition timing changes, or failures 
ies themselves, will force the application of remedies to 
amplitude of torsional vibration. There have been many efforts 
to utilize the | inertia of the 


failures, this 


accessory drive 
of the accessor 
reduce the 
large effective supercharger as 
solution of the 


merit. It 1s 


a damper 
problem of tor 
have much that, for 
attack, the driving and damping members 
independent of each other and that a 


flywheel. In spite of 
vibration appears to 

success with this 
] 


should be entirel 


many\ 
sional believed 
method of 


spring type ot 


drive combined with a friction-type damper might produce the desired 
results. The development of the dynamic damper has provided a most 
fortunate solution of the torsional-vibration difficulty. In the case of 
radial engines, it has made it possible to reduce the torsional-vibration 


amplitude to an extremely low value whereas, in in-line type engines, t 


| 
objectionable two-noded vibration has been possible by th 
dynamic | 


Ti 


elimination otf 


installation of suttable damper weights at the rear of t 


crankshaft 


1 
It is not clear what Mr. Masi means by stating that a general wholesale 
reduction of maximum permissible limits of torsional vibration, ostensibl; 
a safer operating condition for the propeller, may 
result in inferior 
of torsional 


to promote actually 


sum-total performance. It would appear that elimination 


vibration as a limitation of permissible power output would 


improve the sum-total performance rather than detract from it. 
One matter which has not been investigated is the value of th 


effective 


rankshaft 


polar moment of inertia of pro eller excited b 


various ¢ 
frequenci 


Effect of Flexibility 


upon reflection that the 


in Blades 


flexibility 
between 


It is obvioi blades acts in a 


in the 
a flywheel rim and the hub. It 
that the effective value of the polar moment 
propeller is not the value which may be found by calcu- 
slow torsional pendulum method. It would be an inte: 
experiment to set up a propeller with a spline shaft and a flywhee 
torsional characteristics to the which tl 


manner similar to a spring drive 
definitely appears, therefore, 
ot inertia of the 
lation or by the 
esting 


comparable in engine on 


le pro 


peller is used and determined by frequency measurements with the known 
shaft stiffness between flywheel and propeller the effective polar moment 
of inertia of the propeller when excited by the frequency set up in the 
engine itself. In one series of tests using adjustable but non-controllable 
pitch propellers, it was found that substitution of stiffer blade shanks 
with heavier hubs reduced the frequency of torsional vibration of the 


rankshaft-propeller system instead of increasing this frequency as would 


Db expected on the basis of additional stiffness contributed by the blad 
shanks. From this finding, it was reasoned that the decreased frequency) 
yf torsional vibration came from the increased effective polar 


| moment ol 
with a larger 


to attribute th 


inertia of the shanks together 


heavier hub and 
] has been customary 


the blade weight. It 


proportion 


reduction in 


frequency of ankshaft-propeller system, when a controllable propell 
is fitted, to the looseness factor of the blade-shank fastening. However, 
as in the foregoing, the additional hub weight and shank stiffness are 


believed to be the cause of the reduced frequency of torsional vibration 


rather than the introduction oj 


looseness or flexibility. 


with the produc 
in military aircraft that the estab 
a method of determining the acceptability of 
trom the standpoint of 


been connected either 
acceptance of engines for use 


It is apparent to all who have 
tion or th 
lishing of aircratt engines 
is extremely important. Mr. 
limented on a valuable contribution to the knowledge 
eventually to an acceptable 


limits fo 


torsional vibration 
Masi is to be com] 


which will ad basis for evaluation of 


torsional-vibratiol! militar 


aircratt ngines 


Effect of Test Stand 


— A. T. Gregory 
Ranger Engineering Corp. 


methods 
Why not adopt all 
three? So long as amplitudes of vibration are within the fixed limits, no 
further investigation would be necessary. If amplitudes should exceed th« 
fixed limits and these amplitudes can be justified on the basis of stresses 
in the engine parts, there 


M Rk. MASI has given us a thorough outline of three possible 
of approach to the torsional-vibration problem 


would seem to be no justification in complicat 
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ing the engine desi 
ing means. 
Several twist tests have been made on Ranger 
with the second method described by Mr. Masi. 
valuable data which were not 
therefore, 


gn and increasing weight 1n order to incorporate damp 
in accordan 

These tests have provided 
The method is, 
commended as having practical value other than the determina 
tion of permissible limits of torsional vibration 


No mention is mad 


“neines 


available previously 


in the paper of the method of test tor determina 
tion of actual crankshaft amplitudes. 
stand can have a large effect on amplitudes as well as on 
Usually, the and 
lateral, comparatively high 
can have just 


mitted directly 


Experience has shown that the test 
frequencies 
low, and th 
Linear stand of either type 
an effect vibrations, since it is 
into the crankshaft system through the 

It would seem desirable at least to check the vibrations measured on 
an engine on a test stand by actual flight measurements. 
one type of engine do not 
should be an additional requirement 
on the basis of test-stand data. 

Of equal importance is the propeller used for the test. 


rotational vertical stand frequencies are 
vibration of the 
as large as torsional trans 


reduction gears 


Comparisons ot 
necessarily hold for other engines, so this test 


before condemning a given engine 
A slight unbal 
ance or out of track provides excitation for linear vibrations in the stand 
and may thus have a considerable effect on crankshaft torsional vibration. 

It is well to remember in the case of in-line engines that knowing how 
much amplitude an engine develops in first and second-mode vibration 
is not the whole There have bee 
and, incidentally, some of these failures been traced directly to 
faulty test stands. Nobody has started worrving about third-mode vibra 
tion, although it is known to exist 


For a V-12 engine, 


story. 


n tailures in longitudinal vibration 
have 
from actual engine measurements 
the first critical speed in third-mode vibration comes 
in not far above the first large critical of the second mode, since it is of 
a higher order. The author’s Fig. 1 
vibration for the problem chosen. 
and 6th 
tremely large. 


orders of second-mod¢ 
Indications are, however, that the 7 
small, whereas the 4! 


shows thre« 


orders are comparatively order is ex 

In view of the complexity of the problem, it seems that the 
method of determining permissible 
The application of the 
result is undoubted]) 


only simple 
vibration limits is on the basis of 
method is indeed laborious, but the net 
a more satisfactory powerplant. 


stress. 


Proposes Definition for 
Permissible Vibration Amplitude 
—William L. Fischer 


|! the permissibl is defined as “proportional to the 
twist of the rated rated 

automatically will lead to a greater permissible vibration amplitude. 
is not logical and not safe for the 
definitions are made. The 
amplitude as 


vibration amplitude 


crankshaft under torque,’ a boost in torque 

This 
protection such 
define the permissible 
“proportional* to the twist of the crankshaft 
under a torque load which produces a nominal torsional stress of 10,00% 
lb per sq in. in the 


missible 


engine user, for whos« 


writer proposes to 


vibration 


main journal.” 
vibration amplitude to a 
torque rating) which is fundamentally 

The “automatic”? penalizing and favoring feature mentioned in Mr 
Masi’s paper is working in the wrong way, in so far as 
penalized by 


This definition would link the per- 


representative (instead of to a 


stress 


sound. 


a sate design is 
weak 


proposed definition will correct 


a small permissible vibration amplitude, 
design is rewarded by one. The 


whereas a 
a large 
this error. 

\ stress ca 
because the 
put 


lculation, of course, can not serve a vibration specification, 
small and much dis 
about stress-concentration factors and allowable fatigue 
Even the method of calculating 
crankshaft section seems to be not fully 

If Mr. graph of Reference 


for his stress calculation, the 


Safety 
would aris¢ 


Tactors 1n aero engines are very 


stresses. 


maximal loads in a 
established. 

1 in Mr. Masi’s paper could be used 
““maximum-over-mean” factors would hay 
to be applied to the mean engine torques, listed in Column ro of 


torque 


Hazen’s 


Table 5 


The values given as “maximal engine torques” in Column 8 of this table 


C nae 
20% tos ( 


believes that Mr. 
which deal 


are too high by 


However, the writer Hazen’s graph cannot be used 
with fluctuating torques, because 


vibrations, and vibrations cannot be 


for a stress analysis, such 


forces cause determined by studying 
There is not such a thing 
a flock of other cranks. If we 
sultant in journal No. 4 of 

(see example in the paper), it is not enough to sum up 
the torque effort curves of the 6 tail-end cylinders. It would even not be 
enough — though to treat this problem as a 6-cyl V-typ 


engin 


} 


just a single crank in a 12-cyl in-line engine. 


as a “solo vibration” of one crank amidst 
want to calculate, for example, the r torque 
a 12-cyl engine 


more logical 
The only correct calculation would be the conventional vibration 
which takes the whole “engine-gear-propeller” 


its masses and shaft sections into consideration. 


analysis, with all 


a sing 
The writer 


system 
The omission ot 
mass or shaft section would change the whole stress picture 


Che ‘Constant Factors’’ to be modified somewhat 
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believes that the conventional method of calculating torque loads in one 
section of the crankshaft by adding “the mean engine torque passing 
through this section to the vibration torque acting on it,” is correct. The 
problematical part is the vibration torque, not the engine mean torque to 
which Mr. Masi has attached some novel and formidable correction 
factors. 

The common practice of measuring crankshaft vibrations from a single 
“pickup” (in most cases at the accessory end of the crankshaft) has led 
to the opinion that the vibration stresses are zero if the tail-end amplitude 
is zero. This condition is not always true as the following typical cases 
illustrate: 

On a 12-cyl 60-deg V-type engine with blade and forked rods, the 
vector sum of the twelve 3d order (3 peaks per revolution) harmonic 
components is zero. Therefore the tail-end amplitude for the 3d order is 
also zero. But, since these twelve harmonic forces are not acting in the 
same plane, the writer contends that they set up stresses proportional to 
the 3d-order harmonic torque component of the single-cylinder torque 
effort curve. On a g-cyl direct-drive radial engine equipped with a 
44-type pendulum damper of great mass, the 4'%-order vibration tail 
amplitude may be practically zero. Nevertheless, stresses are set up by 
the restoring torque of the damper and also some kind of nodal point is 
created somewhere in the crankshaft rear end between the centerline of 
the crankpin and the plane of the pendulum support. 


Effect of Secondary Stresses 


Present equipment for vibration surveys does not allow us to measure 
these secondary vibration stresses on an engine while in operation, and 
no stress analysis dealing with this subject has come to the writer’s atten- 
tion. In view of the great uncertainty regarding stress-concentration fac- 
tors, these secondary stresses may not influence the result of a stress cal- 
culation but, for theoretical reasons, it would be desirable to have the 
comments from our vibration experts on this point. Mr. Masi’s correction 
factor with which he multiplied the mean engine torque apparently has 
come out of the conviction that the conventional stress analysis based on 
tail-end amplitude and normal elastic curve does not tell the full storv. 
The writer agrees that such a deficiency exists, but he cannot agree to the 
correction which Mr. Masi has offered. 


Author Amplifies 
Explanation of Debated Points 


— Francis Masi 
Naval Aircraft Factory 


HE numerous and worthy comments are gratefully received. They do 
much to throw further light on this subject. The great variety of 
associated problems mentioned is indicative of the importance of this 
phase of aircraft-engine design, and the diversity of opinion held on some 
of them points to the need for more exact knowledge. Although great 
strides have been made in vibration-study instrumentation in the last five 
years, the problem of experimental vibration study, together with the 
analysis of the results obtained, still remains inherently a difficult one. It 
is unfortunate that, as Prof. Taylor points out, stresses in such complex 
forms as crankshafts cannot be computed with a high degree of accuracy 
at the present time. It is felt, however, that, only by devoting more 
attention to this particular phase of vibration analysis, can we hope to 
arrive at a more acceptable level of knowledge. Mr. Cole makes the 
valuable suggestion of attempting strain measurements on the operating 
crankshaft. This method is readily possible in some forms and in some 
portions of crankshafts and ought to lead to some very fruitful findings. 
The possibility of failure of a crankshaft in service constitutes an ex- 
treme hazard and is accompanied frequently by serious accident. In view 
of this condition, Prof. Taylor’s suggestion that the responsibility for 
crankshaft failures should be left entirely with the engine manufacturer 
cannot be accepted. In all fairness to the operating personnel of aircraft, 
too much attention cannot be paid to such vitally important parts as 
crankshafts, propellers, and so on. A certain amount of flexibility always 
is retained in the specifications so that originality in design is not 
suppressed. 

The comments by Mr. Williams serve to clarify further the problem of 
the relation of propeller vibration to the characteristics of the crankshaft. 
Mr. Williams implies that the only solution for correcting propeller 
vibration consists of changing the natural frequencies of either the pro- 
peller or the crankshaft to avoid resonance conditions. There are other 
courses open, such as using a harmonic damper tuned to the troublesome 
order, or using a propeller having more satisfactory internal damping 
characteristics. 

Mr. Prescott’s criticisms of the method based on crankshaft deflection 
are, for the most part, justified. Many of the disadvantages mentioned 
are admitted already in the body of the paper. There is one important 
advantage, however, possessed by this method which is not shared by the 
fixed-restrictive-limit method. Although both methods are based on a 
background of service experience, the latter method strikes a general 
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average and enforces this average on the whole type-group. There is no 
really good reason why all engines of a certain type should be limited to 
the identical amplitude. The result is that it becomes necessary cither to 
divide further each group into sub-groups (see Table 1), or to enforce 
unnecessary hardships on some manufacturers by forcing all to mect the 
lowest requirement of the group. On the other hand, the method based 
on crankshaft deflection is based on a somewhat rational theoretical 
foundation and uses the background of experience only to draw from it 
empirical factors to put the theory on an operable basis. The limits thus 
determined are a particular property of each design, and designs ar 
favored or penalized only if they depart widely from these established 
premises. 

Mr. Prescott’s contention that the allowable vibration stress of 1.5 times 
the rated steady torque stress is too high at part load because it allows 
too much negative torque is not borne out by the writer’s expericn 
Several engines now are operating under these conditions without harm 
to the reduction gearing. It must be considered that part-load operation 
with this limit permits less total torque than at full load due to tl 


1i¢ 
reduction in the power torque. Engine C of Table 2 was subject to pit 
ting of the reduction gear teeth, but the vibration amplitude in this case 
was considerably more than the allowable value. 

The ingenious inertia damper system suggested by Mr. Prescott ought 
to find suitable application in in-line engines. Vibration of the acc 
drive system is an acute problem which is avoided sometimes by taking 
the drive from the nodal point at the front of the engine. It is an exten 


sive subject in itself and has been avoided purposely in the bod 
paper. 

The statement that ‘“‘a general wholesale reduction of maximum pe! 
missible limits of torsional vibration . . . may actually result in inferior 
sum total performance’? has been amplified by both Mr. Cole and Prot 
Taylor. In a word, an engine that performs satisfactorily in service with 
amplitudes above certain permissible limits is not improved by enforcing 
a reduction of these amplitudes, but may actually become less satisfactor 
due to possible additional weight or complication of the design 

Mr. Gregory’s suggestion that we supplement the permissibl: uits by 
stress calculations in doubtful cases is a good one. The transition to this 
procedure should be gradual, however. Stress calculations lea too 
much room for argument and should be adopted only after an adequat 


foundation of experience has been accumulated on a number of engin 
Certain formulas for calculation of crankshaft stresses and valu 
stress-concentration factors should be agreed upon generally betore the 


can be put in specification form. 


Test-Stand Vibration 


The influence of stand vibration on crankshaft torsional vibration 
amplitudes is not considered great enough to warrant special considera- 
tion except in cases where very low amplitudes are being measured o1 
where torsional resonance of the stand occurs in the speed range being 
investigated. Errors from other sources such as backlash in intermediate 
gear-train drives to the torsiometer cr flexible-shaft drives introduc« 
greater error, especially where higher-frequency vibrations of low ampli 
tude are being measured. 

The weakness in the method of arriving at permissible limits based on 
crankshaft deflection pointed out by Mr. Fischer in the first paragraph 
of his comments has long been recognized. Although it appears to be a 
serious consideration, it has proved to be of little practical importanc: 
because the torque rating of an engine cannot be increased any consider 
able amount without introducing other difficulties. The recommended 
change of basing the limit on the stress at one point in the crankshaft is 
no remedy since a single portion of the crankshaft design can be altered 


more readily to obtain the desired additional allowable amplitude than 
can the torque rating be increased. If stress is to be made the limiting 
factor, then all the stresses must be considered, which leads us to the 


stress calculations outlined in the paper. 

Mr. Fischer takes serious exception to the procedure for dealing 
the power torque outlined in the paper. He implies in his fifth para 
graph that this procedure is contrary to the “conventional method, 
whereas in his third paragraph he makes the statement that ‘the method 
of calculating maximal torque loads in a crankshaft section seems to by 
not fully established.’ He then goes on to state certain conditions which 
he feels must exist in the crankshaft of a V-12 engine and a 9-cy] radial 
The viewpoint expressed there is identical to the one taken in the paper 
as a basis for the treatment of the power torque. Mr. Fischer, therefore, 
has answered his own question. His contention in the fitth paragraph 
that the deflection due to maximum engine torque is being considered 
a problem in “free vibration,” is unfounded. The deflection due to en 
gine torque in each crankshaft element is assumed proportional to thx 
instantaneous engine torque acting upon it. This is purely the treatment 
of a system undergoing forced deflections. It might, if desired, bi 
sidered a special case of forced vibration where the ratio of the forcing 
frequency to the natural frequency is zero. An exception to this pro 
cedure is in the case of the power shaft element, where the mean torqu: 
should be used if the vibration under consideration is the fundamenta 
Naturally, this is not a rigorously correct treatment due to the many 


with 


simplifying assumptions involved. However, it should give essentially 
correct results. There is also the advantage that, if an error does exist, 


it will increase the margin of safety and not decrease it. 
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A Symposium on Varnish in Engines 


By F. F. Kishline 


Assistant Engineer, Nash-Kelvinator Corp. 


N effort to bracket and clarify the controver- 
sial and widely encountered problem of var- 

nish in engines, is the purpose of this symposium, 
Mr. Kishline announces. This he does largely by 
presenting and interpreting the experience, opin- 
ions, and questions of many anonymous SAE 
members and their companies on this subject. 
These contributions, he explains, were received 
from a large number of representative sources, 


and present a typical cross-section of this phase 
of lubrication. 


Mr. Kishline defines the offending “varnish” as 
a “synthetic resinous compound” precipitated by 
little known chemical reactions, oxidation, expo- 
sure of oil to relatively high temperatures, pres- 
ence of foreign materials, or various combinations 
of these causes. Varnish has been blamed for a 


AVING been designated by the Passenger-Car Activity 
H Committee of the SAE to prepare a paper on a subject 

attracting very great interest at the moment, it was 
believed advisable to consult, along with the many other gen- 
erous contributors, the dictionary. 

Beginning with the title assigned, the word “symposium” is 
defined as follows: 

1. “In ancient Greece, a drinking together, a compotation, 
usually following the banquet proper, with music, singing, 
and conversation.” 

2. “A collection of short essays by different authors on a 
common topic.” 

Thus discovering a welcome latitude of procedure already 
provided, we turn to “varnish”: 

1. “A more or less viscid liquid (usually a solution of resin- 
ous matter in an oil or a volatile liquid) which, when spread 
upon a surface, dries either by evaporation or chemical action, 
forming a hard, lustrous coating capable of resisting more or 
less the action of air and moisture.” 

2. “To cover or conceal with something that gives a fair 
appearance; to gloss over; as, to varnish guilt.” 

Varnish in engines? Well, possibly. 

Next, “engine”: 

1.““Any of numerous machines by which physical power is 
applied to produce a desired physical effect; especially one for 
converting a physical force, as heat, into mechanical power.” 

2. “Any instrument by which any effect is produced; espe- 
cially, as instrument or machine of war or torture.” 





{This paper was presented at the Annual Meeting of the Society, Detroit, 


Mich., Jan. 10, 1939.] 
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long list of engine troubles, he explains, among 
them sticking valves and rings, engine surges, 
blowby, and seizure. 


Under the heading, “What To Do About It,” 
the author concludes that varnish evidently is not 
partial to any particular engine design nor to any 
of the various combinations of design features 
that might seem logically to have some influence 
on the condition. It would appear that time and 
temperature are principal items in an engine 
which govern the condition, he says, and the tem- 
perature may or may not be the sump tempera- 
ture. Possibly there is a critical temperature 
above or below which the formation is slight, he 
suggests, although one of the experiences contrib- 
uted indicated varnish formation at temperatures 


up to 400 F. 


Possibly, the latter version represents the lubrication engi- 
neer’s viewpoint. 

The purpose of this paper is to present impartially some 
facts, experiences, conditions, opinions, and questions pertain- 
ing to this rather widely encountered problem in the hope and 
belief that so doing may assist in providing a broader view of 
the problem and thus contribute toward another stride in the 
progress to which our industry constantly aspires. 

The SAE is the logical body through which “pooled” infor- 
mation on a subject of this character can be presented for any 
mutual benefit that its members and the automotive industry 
may derive. The many contributions by members and their 
companies have made possible this offering. Such generous 
cooperation within the SAF, although not unusual, is highly 
appreciated by the author whose job it has been to “carry the 
ball” in this instance and, to this end, company identities are 
omitted and individual contributions are used anonymously. 

It is not intended to fix responsibility or to offer any solu- 
tions in this paper, but rather to coordinate and present to the 
Society these contributions in an effort to assist in bracketing 
and clarifying problems about which there have been wide 
differences of opinion and many items of intangible evidence. 
Any final proposals will be better left to those more specially 
qualified and versed in the technical and chemical phases 
involved. 


What Is It? 


The offending “varnish” is defined as a “synthetic resinous 
compound” precipitated by little known chemical actions and 
reactions, oxidation, exposure of oil to relatively high temper- 
atures, and presence of foreign materials, such as moisture or 
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dirt, or various combinations of these. It has a very high 
capacity for adhesion, particularly to smooth metal surfaces, 
where it presents a coloration ranging from light amber on 
down to brownish black. 

“Varnish” is not soluble in mineral oil, gasoline, kerosene, 
turpentine spirits, or water. It is soluble in varying degrees in 
alcohol, carbon tetrachloride, lacquer thinner, and caustics. In 
some instances, it is only evident on the non-contacting areas 
of pistons and low spots of bores and, in others, all over all 
internal engine surfaces with variations of visible amounts 
between the foregoing extremes, and has been commonly 
termed “burnt oil.” 


What Does It Do? 


Varnish in its initial or incipient stages causes partial or 
intermittent sticking of valves and piston rings. Often, where 
only valves are affected, the engine surges when operating 
with constant throttle at road loads, which action has been 
diagnosed erroneously as caused by lean mixtures or vapor- 
locking. When on rings, blowby is caused, especially when 
the engine is first started, and it may be more noticeable under 
light-load operation. 

In chronic form, it causes sticking of valves, rings, and 
sometimes tappets at intervals, and requires more or less regu- 
lar removal until, or unless, considerable increase in clearance 
of these parts has occurred from normal wear. In this state, 
the cause is not often identified as varnish, particularly on 
valve stems and rings, since it evidently assimilates and acts as 
a binder for black carbon and has been termed “sticky carbon.” 

Incidentally, the latter type of formation has been observed 
on the manifold side of intake-valve heads 4% in. or more 
thick, and on the stems sufficiently thick to prevent proper 
seating, and causing rough idling and apparently defective 
carburetion. Is this gum from the gasoline, varnish from 
engine oil that has been sucked past the valve stem, or both? 

In acute form, varnish has been known to stick engines so 
that they could not be turned over with the starter or by tow- 
ing the car. Usually, after being allowed to stand for awhile, 
engines so affected may be started again. Is this condition 
because the varnish loses stickiness when it cools, or because 
clearances increase as the temperature drops? This latter type 
of sticking-up is described as occurring when the engine is 
permitted to idle after normal driving, and usually happens in 
relatively new engines. In extreme cases, the pistons and 
tappets become stuck permanently so they cannot be removed 
without damage. It should be noted here that, in at least 
some cases of this complete sticking-up, the engines were not 
run hot, nor on lean mixtures, nor were they operated under 
any abnormal conditions. In other cases, of course, the exact 
history of engines is not available. 


Some Facts and Conditions 


The following excerpts are substantially as stated, deletions 
having been made for brevity, and each different contribution 
is numbered separately: 

1. Our interest in this condition concerns only the filling of 
the slots in the oil-control rings with this varnish gum. We 
produce this varnish at comparatively low speeds, light load, 
and low oil sump temperatures (160 to rg0 F). We have 
eliminated as major factors in the formation of this varnish: 
fuel used, the oil filter, and crankcase ventilation. 

2. Although we have no record of piston or bearing seizure 
due to varnish or any other oil deposit, we have found de- 
posits on connecting rods, piston pins, piston surfaces, valve 
stems, bearing surfaces, crank cheeks, and so on, to some slight 
extent. Tests show that there is considerable difference in 
different kinds of popular brands of lubricating oils as regards 


formation of varnish and other deposits — they show a wide 
range of effects on the pistons and rings. 

3. With regard to the formation of varnish or lacquer, we 
always have had some evidence of this process. We have never 
had — either in laboratory or in the field — varnish building up 
to such a point that seizure would occur. We have had indi- 
cations of the lacquer improving bearing condition in the 
connecting rods. 

4. We have experienced several cases of seized engines. In 
some cases, several different oils were tried with indifferent 
results. Trouble appeared only with engines which were 
fairly new — no record of seizure after more than 15,000 miles 
-have had no trouble recently — actual percentage was small. 

5. We have had no cases in which piston sticking was en 
countered as a result of lacquer formation. 

6. One of a fleet of several test cars became sludged up so 
badly, sticking one of the tappets so badly, that it had to be 
broken up to be removed. 

7. While driving test cars at high speed, a surging or loss of 
speed was encountered repeatedly, and the opinion of all wit 
nessing the test was that “running fuel vapor lock” was the 
trouble. However, after investigation and repeated duplica 
tion of the results, it was proved that the fading of power and 
speed was because the crankcase oil had varnished the pistons 
and piston rings. 

8. Pistons, both from test cars and returned from the field, 
have small areas of so-called varnish. However, the area and 
the thickness were such that no seizure could be traced to it. 
Other parts of the motor upon which I have noticed varnish 
have been the camshaft and one or two valve stems. 

g. Cars had the engines seize when stopping for stop lights 
ot for gasoline. Several of these cars reported repeated seizures 
from time to time. In each case, it was impossible to turn the 
engine with the starting motor. Cars that were observed to be 
low on performance were torn down, and an appreciable. 
amount of varnish was found on the pistons, rings, valves, and 
cylinder bores. 

In laboratory tests, it was found that, with an oil sump 
temperature of 280 to 290 F and running at 3500 rpm road 
load, enough varnish would be formed, with some oil, to 
increase materially the starting friction of the engine and, in 
some cases, the engine seized in approximately 2200 miles. 

10. Various mechanical changes were made in engines in 
an effort to reduce varnish formation when certain oils were 
used, namely, oil consumption intentionally increased; pistons 
and rings of a former model installed; complete former-model 
engines tested under same conditions; piston clearances in 
creased. None of the foregoing changes resulted in a reduc 
tion of varnish formation when using these oils. We do not 
have a service problem, probably due to frequent oil changes 
by the public, and to the fact that high operating temperatures 
are not maintained for appreciable lengths of time. 

11. Varnish can be deposited in an engine being operated 
with outside power if an oil temperature of approximately 
280 F is maintained. We used to find exhaust valves stuck at 
the top end with black carbon. Today we find them stuck at 
the bottom end due to varnish. 


Opinions and Questions 

1. I believe that we can deposit varnish with some present 
day oils in any automobile engine, regardless of vintage, if an 
oil temperature of approximately 280 F is maintained. An 
engine that we built in 1929 operated at 300 F oil temperature, 
and we never saw any vernish in it. 

2. Some oils that are good as regards varnish formation 
have developed considerable corrosion of lead-bronze parts in 
the engine, and therefore, those oils still need further develop 
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ment to reduce the acid-formation qualities which result in 
corrosion. 

3. We have made no material changes in engine clearances 
or fits during the past three years, and oil sump temperatures 
have dropped 25 F due to lengthening water jackets. We are 
convinced that the varnish problem is mainly an oil problem, 
since there are good and bad oils in this respect. 

4. Varnish has been forming in engines ever since the first 
internal-combustion engine ran under its own power, even 
with the very best of conventional motor oils. The quantity 
of this petroleum varnish depends largely upon the tempera- 
ture of the engine parts and the length of time the oil film 
actually cooks while held in contact with these heated sur- 
faces. However, because of close manufacturing limits, var- 
nish today is a very serious problem to engine builders if 
further engineering advancement is to be made. 

5. We have found that a small amount of lacquer formation 
is rather effective in preventing corrosion, particularly as re- 
gards valve springs and, if the oil companies go wild in an 
effort to combat lacquer formation, the cure may be worse 
than the disease. 

My opinion is that varnish or sludge is induced by local 
hot areas and has little relation to sump temperature. A few 
years back, our sump temperatures were considerably higher 
than today, but we never heard of varnish or lacquer. 

7. If varnish is caused by excessive temperatures, why did 
we not experience this formation in our previous engines 
which we know ran considerably hotter, both average and 
local, than our recent designs? 

8. We feel that the development of an oil that will keep 
clean, prevent ring plugging, and which would be more stable 
at high operating temperatures, would be very desirable, but 
we want to be sure, before making any drastic changes, that 
we do not cure one evil and raise another and worse one. This 
has happened, as you may remember, in the not distant past. 
It is possible that some type of alloy bearing will be a necessity 
in the near future. For this reason, we feel that oils should be 
developed which would prevent corrosion and give the auto- 
mobile engineer every opportunity to take advantage of new 
developments as soon as possible. 

Much can be accomplished by careful design to minimize 
troublesome formations, but complete freedom from all trouble 
from this source, in the hands of all owners with the many 
conditions of operation, can be obtained only by further devel- 
opment and coordination of the lubricants themselves. 

o. We believe that this varnish problem has come from a 
change in the character of oils due to changes in methods of 
production, and that its cure will come from, or be effected by, 
oil refiners. 

As a matter of relative interest value, the following are a 
few experiences from other than passenger-car engines: 

1. “The hard, lustrous and highly insoluble deposition 
found invariably on the piston skirt and in the ring-belt area 
when ring-sticking is encountered is never found to be present 
in the crankcase oil. This result has led to the conviction that 
these ‘lacquers’ are formed only when the oil is subjected to 
sufficient temperature (approximately 400 F) in a thin film on 
the metal surface. Laboratory experiments show that these 
materials can be reproduced by heating oil in a thin film on a 
steel plate at 400 F for 30 min, whereas heating the oil in a 
body results in no formation of this material, even at tempera- 
tures as high as 600 F.” 

“It was known, however, that detonation had an appre- 
ciable influence on ring-gumming, and investigation showed 
that, at the same mixture strength, the occurrence of detona- 
tion required the lowering of cylinder temperatures by about 


to C to obtain the same degree of ring-gumming as with no 
detonation.” 
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3. Test results so far indicate that there is little connection 
between ring-sticking and the amount of ring-packing, that is, 
the quantity of carbon formed behind the ring. 

4. It may be of some interest here to review briefly some 
earlier information regarding the use of a detergent with 
which, no doubt, many of you are familiar. Detergency 
distinguished from solvent action because it operates through 
colloidal phenomena holding contaminants in suspension 
through some kind of peptizing action or other form of col- 
loidal protection. 

In some very interesting earlier work on this phase of 
lubrication, the detergent was used to prevent ring-sticking. 

This agent operates, first, to coat the metal surfaces with an 
absorbed layer which prevents the adherence of soot and resins 
to the metal surfaces and, second, to surround individual par- 
ticles of oil-insoluble contaminants, preventing agglomeration 
into larger masses, providing protection against adherence of 
such oil-insolubles to the metal. Very evidently, in the par- 
ticular work just referred to, the elimination of ring-sticking 
was achieved by the foregoing method in which a soap-type 
addition agent was used for the purpose, and obviously, the 
cause of the ring-sticking under study was largely a “varnish.” 

5. In one instance, engines are being built in production by 
a manufacturer, which have almost identical design, with the 
pistons, rings, connecting rods, crankshafts, and valves inter- 
changeable. One of these engines has a very high specific 
output (more than 4 hp per cu in.), and has a maximum 
sump temperature in hot weather of 275 F, and no instance of 
varnish trouble with it is known to the manufacturer. 

The other engine, used for an entirely different purpose, 
operates at a maximum speed of 1600 rpm, shows a maximum 
sump temperature of 175 F, delivering approximately one- 
third the horsepower of the former. In the latter low-output 
engine, several cases of varnishing on pistons and rings, bad 
enough to stick them, have been experienced. One interesting 
fact in connection with this sticking was observed on this 
engine having a manually adjusted manifold heat control. It 
was found that, in each case of sticking, the heat valve was in 
the off position and, when the engines were cleaned up and 
put back in service with some heat turned on, they usually 
continued to operate without further trouble. Possibly, here is 
a clue that deserves some serious attention. 


What to Do About It? 


Although the foregoing bits of information are non-techni- 
cal and, in some cases, somewhat contradictory, they are repre- 
sentative of conditions and experiences gathered from a 
relatively large number of sources, and should, therefore, 
present a fairly good industry cross-sectional view of this phase 
of lubrication. 

Very evidently, varnish is not partial to, nor a respecter of, 
any particular engine design nor any of the various combina- 
tions of design features that might seem to have, logically, 
some influence on the condition. 

Carefully audited, it would appear that time and tempera- 
ture are principal items in an engine which govern the con- 
dition, and the temperature may or may not be the sump 
temperature. Whether these temperatures have changed 
greatly or not in recent designs should be left to the reader. 
According to a recent technical survey, the average passenger- 
car engines of 1939 develop 78% more power per cubic inch 
of displacement than did those of 1925. The increase has been 
gradual, but consistent each year, and undoubtedly will con- 
tinue. Possibly there is a critical temperature above or below 
which the formation is slight, although one of the experiments 
just mentioned indicated formation at temperatures up to 
400 F. 
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Possibly the rate of oil circulation, particularly over hot sur- 
faces, is a factor. Possibly the reduction of initial wear in 
engines by better finishes, plated pistons and treated _ rings, 
contributes adversely through maintaining original clearances 
and reducing metal particles in the oil. Whether lower oil 
consumption generally prevailing now is a factor is certainly 
questionable. 

The note of caution, sounded by two contributors, against 
ill-considered changes in oils seems a worthy one, and no 
doubt is shared by many oil engineers and chemists. 

However, it would seem that proving the parentage of the 
child is of less importance than the fact that we have the child, 
in view of which cooperation from all quarters is indicated as 
the best attack and, no doubt, these problems are already well 
on their way to solution. 

We are not dealing with a static condition in automobiles; 
progress dictates that new means must be employed to attain 
new and improved results in performance, economy, and style, 
all of which help constitute public appeal of the product. 


Engine design must change, and fuels and lubricants will 


change with them as they have in the past. 

It is hoped that an SAE paper can be had soon from oil- 
refining engineers, presenting possible solutions of this and 
other lubrication problems, which it is believed will never 
cease to interest automotive engineers vitally, for we need 
better engines and we need better lubricants, and one cannot 
go far without the other. Since lubricants and automobiles are 
sold to the same customers, it is suggested that we go to the 
customer together with our products coordinated helpfully, to 
achieve for him the best possible result. 








Sludge and Varnish 
Work at Chevrolet 
— A. V. Jackson 


Chevrolet Motors Division, 
General Motors Corp. 


HEVROLET’S Engineering Department has been in the throes of 
sludge and varnish work, more or less, for the past three years. 

Indications of troubles from the oxidation type of sludge began to 
appear in our 1935 engines and continued to grow worse during the 1936 
production year. At that time no varnish troubles, as we know varnish, 
were outstanding. 

Previously what is known as water or condensation sludge had been a 
problem in our trucks and, since engine temperatures have been improved 
through the use of thermostats in the cooling system, this trouble has 
been practically eliminated. 

As this problem continued to come into a more important place in our 
complaints coming both from the field and the Proving Ground, nat- 
urally concern as to the cause was increased. I think that a copy of a 
letter written by some oil-company official to the trade, to the effect that 
the real cause of his oil sludging in Chevrolet’s engine was engine design, 
was the thing that started a lengthy series of tests both in our laboratory 
and at the Proving Ground. 

These tests have included running sludge tests to an accelerated sludg- 
ing schedule which we developed for water-brake operation, also a large 
number of Proving-Ground long run tests— more than 2500 hr of dyna- 
mometer work on about 25 engines. 

Various engine combinations were run. These variations were approxi- 
mately as follows: loose-limit engines; light-limit engine; 1936 engine; 
varied oil and water temperatures; various breather set-ups and air-flow 
volumes through them; various piston materials; full pressure lubrication 
for comparison with our pressure stream rod lubrication; separation of 
the crankcase oiling system from the overhead system; oil filters; various 
makes of oil, also various inhibitors in oil; other makes of engines; oil 
coolers on trucks; and many other smaller changes which might help us 
place our finger on the source of this trouble. 

Our water brake schedule which was followed is as follows: 384 -hr 
of run-in at gradually increased speed and load, with an oil drain and 
ordinary refill made at the conclusion; 20 hr at 3200 rpm, or approxi- 


mately 60 mph at road load; and 4o hr at 
load. 

For our basic runs at the 70 mph speed water was held at 145 F and 
oil at 270 F. 

These last two parts of the schedule total approximately 4000 miles and 
with ordinary oils produced sludge and varnish sufficient to cause serious 
difficulty in starting after the usual nightly shutdown of the engine. 

As a general analysis of all of our tests is compiled we have come to 
the conclusion that the sludge and varnish, as we are getting it today, are 
caused by several things: 

Long-time use of the oil through infrequent changes. 

High oil economy such as 700 to 1200 miles per qt. 

A chemical change in the lower-cost oils which seems to be in the form 
of decomposition due to a time-temperature condition of use. 

Changes in the oils which may possibly have been caused by reworking 
of refining processes to eliminate acids and bearing-material corrosion 
which has taken out natural inhibitors. 

Recent tests made with oils of various makes which apparently are 
compounded to reduce or completely eliminate sludgiag have shown to 
our firm conviction that oils can be made which will give no engine 
operation troubles. Our 70 mph schedule was extended from 4o hr to 
80 hr on our last test on one of these recently released oils to find that no 
sticking, starting difficulty, sludge accumulation, or varnish trouble was 
present in spite of the longer test. 


3670 rpm, or 70 mph at road 


Explains Clogging 
of Oil-Control Rings 


— C, J. Livingstone 
Mellon Institute of Industrial Research 


Pre clogging of the oil-control rings at low loads and temperatures, 
mentioned by Mr. Kishline, probably was caused by wash-down of 
soft carbon deposit from the combustion chamber by either dilution or 
oil migration. In this connection we have watched a thin lacquer deposit 
build up in the oil ring grooves and, with the oil rings themselves re- 
maining clean of lacquer, we have observed the oil consumption double 
every 5 hr. This lacquer, which was gummy and sticky at piston tem- 
peratures, evidently interfered with normal ring action. It is our belief 
that we have found one of the reasons why oil consumption sometimes 
suddenly increases in automotive engines, leading eventually to clogged 
oil-ring slots by wash-down from the combustion chamber. 

It should be pointed out that, back in 1929, heavy oils were in favor. 
As our discussion indicated, the light volatile oils are more prone to 
lacquer formation than are heavy oils. Solvent refining and other meri- 
torious refining methods have been found, in our laboratory, to improve 
markedly resistance to lacquer formation. We want to state emphatically 
that, without the improvements made in refining during the last ten 
years, the lacquer problem would be much more severe. 

Statements have been made several times in Mr. Kishline’s paper that 
oils have changed. We believe that these changes have been for the 
better. The only change during the past five years which could be re- 
garded as contributing to lacquer formation is the adoption of SAE 10 
and 20 oils for all-year service. Some oils in this class contain an appre- 
ciable content of fairly volatile material, and the evaporation of this con- 
tent concentrates, we believe, to lacquer deposition, as indicated previ- 
ously. This difficulty can be avoided by careful selection of oils. 

The oil companies will continue to improve their products and meth- 
ods of refining, but we doubt if real progress will be made until design 
engineers take seriously into account the chemistry involved in crankcase- 
oil deterioration. 


Effect of Type 
of Lubricating Oil 


— W. A. Gruse and C. J. Livingstone 
Mellon Institute of Industrial Research 


ORMATION of lacquer-like deposits, soluble in acetone and similar 

solvents, on engine parts is not altogether a recent development. It 
has been observed many times in the past and usually has been associated 
with oxidation of sludge-forming lubricants. In our laboratory engine 
research, where temperature and oxidation conditions were stepped up 
above contemporary service values, it was not unusual to find acetone- 
soluble lacquer on pistons, cylinders, bearings, and so on. In one such 
instance, replacing an SAE 40 paraffinic oil of high stability by a naph- 
thenic oil of the same viscosity grade produced a seized engine after 
50 hr of operation under conditions which gave no noticeable engine 
deposits with the highly refined paraffinic oil. In this case the single- 
cylinder engine could not be turned over with the aid of a 5-ft wrench, 
and it was necessary to drive the piston out of the cylinder and the cam- 
shaft out of its bearings; even the main bearings were cemented tightly 


(Concluded on page 334) 


























Flush Riveting Considerations 
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uantity Production 


By Don R. Berlin and Peter F. Rossmann 


Chief Engineer 


Production Design Engineer 


Curtiss Aeroplane Division, Curtiss-Wright Corp. 


A? a refinement that permits a smoother exter- 
nal or wetted surface of the airplane, and 
thus adds to aerodynamic cleanness, flush rivet- 
ing of the plane’s skin is of utmost importance, 
Mr. Berlin points out. The ultimate object of the 
research reported, he explains, was to outline 
the problem of determining and providing requi- 
site tools. No attempt is made in his paper to 
treat the aerodynamics and strength characteris- 
tics of flush riveting. 


Among the phases of riveting that required 
careful analysis in the solution of the problem 
noted especially by Mr. Berlin are appearance, 
strength, processing methods, economics of pro- 
duction and sources for equipment and tools. 
Time studies were employed extensively, and 
close contact with the production departments 
was maintained in the work. A _ prodigious 
amount of attention to detail was required to co- 
ordinate the many activities in which the signifi- 
cance of some conditions could not be anticipated 
and additional investigation often was necessi- 
tated, the author reports. 


There is no sanction for the contention that 
flush riveting in production quantities cannot be 
employed, except at an excessive and unavoidable 
cost penalty, he concludes. 


N the development of high-speed aircraft every refinement 
which will produce further aerodynamic cleanness 1s 
worthy of consideration, and attention to small items, 
particularly if great in number, is of utmost importance. It 
therefore follows that anything which affects the smoothness 
of the wetted surface of the airplane should warrant particular 
attention, and it was for this reason that early in 1937 the 
Curtiss Aeroplane Division initiated a flush-riveting develop- 
ment project in connection with production engineering and 
tooling preparations under way at that time on a large quan- 
tity of airplanes. 
A stressed-skin airplane makes the problem of obtaining 





[This paper was presented at the National Aeronautic Meeting of the 
Society, Washington, D. C., March 16, 1939.] 
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excellent appearance difficult because of the comparatively 
thin gages of skin used, and the fact that small unequalities 
of the surfaces are highlighted. Therefore, the first considera- 
tion in the flush-riveting problem was that press counter- 
sinking of the skin must be accomplished without distortion 
of the visible surface. 

More important than surface appearance is the structural 
consideration that premature buckling of the skin will occur 
between rivets if the press countersinking process is such that 
there is an apparent “bulge” between press countersinks. This 
consideration, then, demands that the press countersink ap- 
proach in appearance from the outer surface, a machine 
countersink, 

Since the subject matter as expressed in the title “Considera- 
tions for Quantity Production” will be concerned primarily 
with basic development and a problem of tooling for produc 
tion, no attempt shall be made to enter into any outline as to 
the gain in speed due to flush riveting or the strength char 
acteristics of the various riveted combinations. Cost and other 
essential data will be given except as limited by the restrictions 
with which all are familiar. 

The project was under the active direction of the Engineer 
ing Department, coordinated with Tool Design, Materials 
Testing Laboratory, Experimental, and Manufacturing Divi- 
sions. For direct comparison '%-in. brazier-head and flush 
rivets only are considered. The project was outlined as 
follows: 


Flush-Rivet Development Program 

1. Consideration of elements common to brazier and flush 
riveting. 

2. Investigating types of flush rivets. 

3. Experimental development. 

4. Experimental tooling. 

5. Test methods. 

6. Development of production tools and procedure. 

7. Scrutiny of actual production to study possible improve- 
ments. 

8. Microphotographs of actual production riveting. 

g. Checking production costs. 

10. Summary and recommendations. 

The foregoing will be considered generally in the order 
indicated: 

1. It was agreed generally and obviously that flush riveting 
would increase manufacturing costs, but the small amount of 
available data appeared questionable, that is, published rivet- 
ing data gave practically no information about quantities 
involved, tooling for production, or costs. The consensus of 
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COST PER RIVET RIVETING COST PER AIRPLANE BASED - 
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PERCENT INCREASE DUE TO FLUSH RIVETING 


Fig. |-The curves of riveting cost illustrate why the gen- 
erally accepted conjectures seem to be in error 


opinion throughout the industry seems to indicate that the 
cost of brazier riveting varied from 5 to 15¢ per rivet and 
that flush riveting would add from 50 to 300% to riveting 
costs. Naturally these widely divergent views were confusing 
and certainly were no criterion on which to base flush-riveting 
costs. Therefore, an accurate study of existing riveting costs 
was imperative. 

Since few previous production contracts had exceeded 100 
ships, it was decided to base all considerations on a production 
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Fig. 2—AN425 counter- 


Fig. 3-—Typical counter- 
sunk-head rivet 


sunk-head rivet 


order of 100 ships, although orders on which flush riveting 
might be used throughout could be in excess of roo. The first 
step in the cost study was to determine the total number of 
internal and external rivets in the typical airplane under con- 
sideration which totaled approximately 45,000, of which 30,000 
are external and, on the basis of 5¢ per rivet previously men 
tioned, the cost of brazier riveting per ship would be $2250 
and, at 15¢ per rivet, it would be $6750. The latter value 
unquestionably seemed too great. The former value also 
appeared to be a too large percentage of the total labor cost. 
Fig. 1 illustrates why the generally accepted conjectures seemed 
in error. 

Close scrutiny of the tabulated values is not required to be 
convinced that the only costs that appear correct, that is, 
within reasonable limits, are 5¢ per rivet for brazier riveting 
and an increase of 50% for flush riveting. However, there 
still remained a suspicion that even these two values required 
more detailed analysis. 
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The second approach was to investigate the elements of 
time and motion (the mass-production industries method of 
attack). This job was accomplished readily since time studies 
were current practice at Curtiss, and competent personnel to 
make such surveys was available. The parenthetical reference 
to the automobile industry is not superfluous since 45,000 
rivets per ship is in the realm of mass-production quantities. 
This amazing opportunity of quantity or rather mass repeti 
tion of the same operation escapes ordinary attention. How- 
ever, it presents a bona fide opportunity to apply mass-produc- 
tion methods. Time-study findings revealed, based on the 
operations which legitimately can be considered as part of the 
riveting process, the conditions illustrated in Table 1. These 
studies considered exterior riveting only; later, internal rivet- 
ing will be discussed briefly. 

Since fundamental data were available, definite progress 
could be made in establishing the added operations required 
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for flush riveting. Table 2 indicates a typical anticipated con 
dition utilizing the simplest means of flush riveting, that is by 
machine countersinking. 

2. Investigating Types of Flush Rivets — First consideration 
was given the AN425 countersunk-head rivets, Fig. 2, which 
rivet already had been press-countersunk and machine-counter 
sunk on the leading edges of previous airplanes. 

The press countersinking for the AN425 rivet due to the 
depth was susceptible to cracks. This possibility suggested the 
consideration of a new rivet to reduce the amount of deforma 
tion due to press-countersinking. Two courses were open: 

To develop a rivet with a greater head angle. 

b. Modifying the AN425 rivet. 

Admittedly the easiest solution would be to increase the 
head angle, thus simplifying the processing development. Such 
a choice would require a rivet with a larger head which would 
penalize the appearance. Also, a greater head angle would 
increase the sharpness of corner 4, Fig. 3, produced by the 
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Fig. 4 (left) — Countersunk- 

head rivet with annular 

flat, eliminating the easily 
damaged sharp edge 











Fig. 5 (right) - 
The annular flat 
of Fig. 4 was 
considered unde- 
sirable because 
it would cause a 
gap around the 
rivet head adja- 
cent to the skin 
as shown 
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Fig. 7—Some of the miscellaneous rivets considered 


intersection of the head flat and the side angle. This con 
dition would introduce the maintenance of a high degree of 
accuracy of head height B since diameter C could change at 
a greater rate; dependent upon the angle, than any variation 
in B. Therefore, the greater the head angle, the greater pro 
portion of change produced in C by a variation in B, It fol 
lows that this variation would be less for 78-deg head than for 
. larger angle. 

Since the manufacturing tolerances on rivet heads are =5%, 
the total variation in the height B (0.063 in.) for the '%-in. 
AN425 rivet, Fig. 2, would cause a variation in the diameter C 
of 0.010 In. 

There is also the condition that the edge { is more sus 
ceptible to damage through normal handling when it is thin 
due to extreme sharpness unless an annular flat such as shown 
in Fig. 4 is utilized. This flat was considered as undesirable, 
since it would cause a gap around the rivet head, adjacent to 
the skin, as shown in Fig. 5. 

The second alternative —- of maintaining the 78-deg angle 
of the AN 425 rivet but decreasing the head height and the 
diameter, Fig. 6 — was chosen because of: 

a. The absence of the sharp-edge condition. 
b. The improved appearance of a smaller-diameter rivet. 


Table 1~— Brazier-Riveting Operations 

min 
a. Stack drill (0.094) per hole per sheet........ 0.055 
INI. 2.215 pict ae EAM aaa eeria eink pe neem ae 0.05 

ec. Assemble skin to stringer with screws 1 in 
IRIs ca <n wig CEM dns se ares Uaioe 0.19 
d. Drill 0.094 through undrilled member...... 0.15 
Ui RUE, WLR Woo k.s Swe dd was a stvrat soawdies woke ts 0.06 
Ce: GUE ok ces dsb awake ee Crea ne ban 0.01 
<r re ee rae Camere 0.49 
1.005 

Table 2—Flush-Riveting Operations 
(Anticipated Machine Countersinking Operations) 

min 
a. Stack drill (0.094) per hole per sheet....... 0.055 
SS ee ee re ee rrr rere 0.05 

c. Assemble skin to stringer with screws 1 in 5 
BRS COOOL. we pesos ase xa hin vole 0.19 
d. Drill 0.094 through undrilled member ....... 0.20 
ip: MEE DS Gok vob hE ane deen swidbens Sates i 0.06 
bi, SRE REINS ok hac kk os viawwn star 0.15 
5 SE GEIR Os igo sty bn hac eee Re ea ENE aAen ee 0.01 
Se 4 RD a oo wrist cece ee sn dn ee ee ness 0.49 
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c. The contention that, although the selection of the 78-deg 
angle was not the easiest course, concentration on any encoun 
tered difficulties would result in a solution of the problem 
through proper procedure and tooling. 

Other miscellaneous rivets considered are shown in Fig. 7. 

Another consideration of importance involved in the selec- 
tion of the modified 78-deg head rivet, Fig. 6, was the fact 
that an increased head diameter as resulting from a large head 
angle would not lend itself to smooth riveting around the 
sharp curvature of leading edges. Fig. 8 illustrates the un 
desirable projection of the edges of the rivet when riveted on 
a curvature. When the AN425 rivet, Fig. 2, was used on 
leading edges it was necessary to make an allowance for a 
filing operation. Setting the rivet below the skin to compen- 
sate for the curvature effect is not conducive to good appear- 
ance. Also, in view of the trend to thinner wing profiles and 
the attendant sharp leading-edge radii, a small-diameter rivet 
head is advantageous. 
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Fig. 8-— The undesirable projection of the edges of the large- 
head-angle rivets around the sharp curvature of leading 
edges is illustrated 


3. Experimental Development — Since a very small portion of 
the skin exceeded 0.051 in. in thickness, it followed that press 
countersinking would be used most frequently. The presence 
of some cracks was observed in the results of initial attempts 
to press-countersink. Investigation revealed that the tendency 
to crack emanated from two combined causes. Primarily the 
redrilling operation produced a very sharp edge D, Fig. 9, 





Fig. 9—The sharp edge, 

D, caused by the redrill- 

ing operation weakened 
the edge 


Fig. 10 — Press-counter- 
sinking die angles are ar- 
ranged so that, as the 
skin is formed, it also is 
tapered as shown 











—— 





328 S.A.E. JOURNAL 


Vol. 45, No. 2 


(Transactions) 





Fig. I1-To prevent 
cracks at point D, Fig. 
9, the inner edge E, of 
extrusions and formed 
stringers was chamfered 
as shown prior to press- 
countersinking 





thereby weakening the edge. When riveting the inner, or as 
it has been termed, the assembly head tended to expand the 
hole since the edge D gave insufficient support to the rivet. 
The redrilling operation also necessitated a hole smaller than 
the rivet size prior to press countersinking which reduced the 
circumference of the hole, which condition was undesirable in 
view of the deformation of the sheets. Study of the con- 
ditions disclosed that cracks at point D, Fig. 9, could be 
avoided by: 

a. Eliminating the redrilling operation, that is, drilling the 
hole prior to press-countersinking to size, since redrilling, 
particularly in thin sheets, produces the very sharp point D 
which is susceptible to cracking when forming the assembly 
head (inner head). 
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Fig. 12—Typical specification of the original vibrated press- 
countersinking process 


b. A development of suitable press-countersinking die an 
gles so that, as the skin is formed, it is also tapered, Fig. 10, 
toward the hole and, consequently, prevents serious enlarge 
ment of the hole which would also be conducive to cracks. 
The significance of this point will be outlined in greater detail 
under Item 4. 

c. The chamfering of the inner edge, FE, of extrusions and 
formed stringers, Fig. 11, prior to press-countersinking. On 
formed stringers, although not essential to press-countersink 
ing, the chamfering is added to prevent cracks when the 
assembly head is formed, since a sharp edge might precipitate 
such cracks. 

d. The use of a lubricant on the _press-countersinking 
punches and dies. Linseed oil was chosen since its presence 
would not interfere with subsequent painting operations. The 
importance of lubrication was not anticipated. 

Originally the flush-rivet development findings generally 
prescribed press-countersinking the various combinations of 
sheets and inner members together by means of vibrating, but 
this procedure, in most cases, was abandoned in favor of press 
countersinking separately by squeezing since this method: 

a. Permits, if and when necessary, detailed macroscopic 
and/or microscopic inspection of the press countersinks. 

b. Eliminated the general necessity of two-man teams to 
vibrate press-countersink since a single operator permits more 
accuracy in controlling the results; also vibrating operations 
which require only one workman are more economical. 

A typical specification of the original vibrated press-counter 
sinking process is indicated in Fig. 12, and the revised speci- 
fication featuring squeezed press-countersinking is illustrated 
iti Fig. 13. Vibrated press-countersinking also is used where 
conditions do not permit optional processing. 

4. Experimental Tooling — The experimental tooling is com 
prised principally of miscellaneous punches and dies for us« 
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Fig. 13—Revised specification featuring squeezed press- 
countersinking 
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Fig. 14-—The spring-loading device shown prevents rivets, 
when driven, from flashing between the sheets 


with vibrators (slow hitting hammers), squeezers, one-shot 
guns, and so on. 

An air-operated toggle squeezer was used for the various 
press-countersinking operations and for squeezing rivets. This 
latter function consisted of determining whether the operation 
of setting the rivets could be improved. As a result of this 
study a special feature was prescribed for holding the sheets 


tightly together by means of suitable spring loading, Fig. 14, 
during the riveting operations. This device prevents rivets, 


when driven, from flashing between the sheets. This feature 
assures a very secure point and has been incorporated wher- 
ever possible on production squeezers. 

Squeeze press-countersinking requires further explanation. 
The general sheet-metal practice prescribes certain minimum 
bend radii which, on 0.032 and 0.040-in. sheets, are consider- 


Table 3—Flush-Riveting Operations 
(Actual Machine Countersinking Operations) 


min 

a. Stack drill (0.094) per hole per sheet....... 0.055 

i SN NI. 6.0 505s oa SURAe Roe Rese eh ee aews 0.05 
c. Assemble skin to stringer with spring fastener 

ee eee re een, eee 0.15 


e. Combination drill 0.1285 and _ countersink 

78 deg x 0.200 diameter (element h Table 2) 0.20 
tS BOA: So na di 0065 esssinsehesda acess es 0.01 
See Te ED oc decdvan ks s¥ oan cane meee 0.30 


0. 165 
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able. It followed that, if the radii recommendations were 
observed, a condition such as shown in Fig. 15 would result. 
It was determined that, for 0.032, 0.040, and 0.051-in. sheets, 
a proper selection of punch and die angles and diameters 
would produce a forged condition such as illustrated in 
Fig. 16. Actual press countersinking of this type was exam- 
ined microscopically, and no failure of the material was in 
evidence. Another feature of squeeze press-countersinking is 
that the face of the punch is concave which compensates for 
springback of the material. 

The forging action of the punches and dies, and in addition 
the concavity of the punches, prevents the objectionable bulg- 
ing between the rivets, Fig. 17, emphasized in the intro- 
duction. 

Test Methods — Testing was conducted by the Structures 
Section and the Materials Testing Laboratory and consisted of: 
a. Microscopic examination of experimental flush riveting. 

b. Shear tests. 

c. Compression tests. 

d. Vibration tests. 

e. Establishing strength values. 

The foregoing data were used in determining strength 
criteria. Application to actual structure is based on the weak- 
est type of joint applicable according to the rivet process 
specification. This basis gives the Manufacturing Division 
some latitude in planning the most economical methods and 
utilizing the machine-tool equipment to the best advantage. 

6. Development of Production Tools and Procedure — As 
was previously mentioned, flush riveting would increase costs. 
Therefore, every means would be used to reduce, if not to 
eliminate, the cost penalty due to flush riveting over standard 
riveting. Table 2 illustrates anticipated machine countersink- 
ing the riveting operations, and Table 3 indicates the revised 
operations. Actually the cost for machine-countersunk flush 
rivets is slightly less than for brazier rivets. Analysis of each 
operation will disclose the basis of the cost reduction. All 


Fig. 15—Condition which 

would result if the radii 

recommendations of gen- 

eral sheet-metal practice 
were observed 


my 


Fig. 16—The proper se- YY 
lection of punch and d Ad 
angles produced the 
forged condition illus- 

trated 
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Fig. 17=The objectionable bulging between the rivets illus- 

trated in the upper view is prevented as shown in the lower 

view by the forging action of the punches and dies and by 
the concavity of the punches 
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Fig. 18—Special single-flute countersink used for machine- 
countersinking 


riveting times indicated are on the premise of a stabilized 
process: 

Operations a, 6, and f remain unchanged. 

Operation ¢ was improved by substituting a device more 
readily assembled and disassembled than screws. 

The comparable times for the three types considered are: 


Fig. 19—Flush rivets being driven with a multiple riveter 
which drives 8 to 10 rivets simultaneously. The special port- 
able hopper-feed rivet-inserting device also is shown 


Fig. 21 —-On horizontal rows approximately I! rivets can be 

held in place and prevented from being propelled outward 

due to vibrating the rivet by using the forearm as shown; on 

vertical rows, using the back of the hand, approximately 6 
rivets can be held 
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re 1. Self-tapping screws with washers, insert and remove, 0.45 
lg THE B min. 


2. Wedge and pin, insert and remove, 0.42 min. 

3. Spring fastener, insert and remove, 0.25 min. 

From a survey of shop practice it was discovered that 
means of fastening the skin in place are used in approximately 
one in five holes. Also 0.10 min per hole is allowed for the 
handling of the sheet, and so on. 

It is not possible to use the spring fasteners on all assemblies. 

Operation d, drilling through the undrilled member with 
0.094-in. drill, has been eliminated. 

Operation e combines redrilling to size, 0.1285 in., and 
machine-countersinking by means of a special countersink, 
Fig. 18. Machine-countersinking the skin only involves a 
problem of countersinking accurately to depth using a tool 
with a non-rotating stop. The stop is held in contact with the 
skin by a spring during the cutting operation. This operation 
is essential to prevent chips getting under the stop and scratch 
ing the surface. Generally multiple-flute countersinks are 
used. However, Fig. 18 indicates a single-flute countersink 





Fig. 20—The multiple riveter shown drives 8 to 10 brazier 
rivets simultaneously through use of a cardboard buffer 


Fig. 22— Using masking tape to hold rivets in place. Brazier- 
head rivets may be driven through the tape; for flush rivets 
the tape must be removed progressively 
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Fig. 23-— Master die parts and countersinking dies before 
and after pressing 


which is practically free from chattering. As a matter of 
interest the tendency to chatter can be avoided to some extent 
when using multiple flutes by unequally spacing the flutes. 

Operation g is improved automatically in that a brazier 
rivet requires that a cupped set accurately engage the head, 
which necessitates greater care than with a flush rivet for 
which only a flat set is used. It must be recognized that, in 
order to avoid undue optimism, some of the improvements 
mentioned are applicable to brazier riveting which reduces the 
difference, also that the operations of press-countersinking do 
involve an increased cost. 

The cost of the added operations and the general increased 
cost of flush riveting have been offset through the develop 
ment and use of: 

a. Gang or multiple riveters which drive 8 to 10 rivets 
simultaneously. One operator using this machine can drive 
6000 rivets in an 8-hr day. See Fig. 19. It is interesting to 
note that brazier-head rivets also can be driven on the ma- 
chine through use of a cardboard buffer placed over the rivet 
heads. See Fig. 20. Soft aluminum buffers, 0.025 in. thick, 
also were tried, but cardboard approximately 0.040 in. thick 
gave the best results. Figs. 21 and 22 illustrate methods of 
holding the rivets in place. 

b. Fast-operating deep-throat squeezers for squeeze-press 
countersinking, which type of squeezer is also used for driving 
rivets. 

c. Special high-speed hopper-feed riveters, with a capacity of 
i rivets per day. 

d. Improved riveting technique. 

e. Properly designed and 
punches and dies. 

For press-countersinking, the punches and dies must have 
polished surfaces and be accurate within close limits. Con- 
siderable difficulty was encountered before tools of the re- 
quired uniformity of size, shape, and hardness were obtained. 
Dies for press-countersinking are formed by cold-pressing 
under high pressures. Fig. 23 shows the master die parts and 
countersinking dies before and after pressing. The blanks 
first are machined and the crowned face given a high polish. 
The blank is then assembled within the master die parts, and 
the assembly subjected to a force of 
hydraulic press. 


fabricated press-countersinking 


10 to I2 toms in a 
This process is especially interesting since on 
dies a uniformity within 0.002 in. is entirely practical. Special 
gages were developed to check these dies. 

In addition to the expedients outlined to reduce processing 
cost, the rivet material was changed from 17ST to A17ST to 
eliminate the cost of the critical handling that 17ST material 


QUANTITY PRODUCTION 


required, and to avoid the removal of overaged rivets which 
become defective upon driving. 

A special feature of the rivet driving tools, per Item 4 and 
Fig. 14, is that of holding the sheets tightly together by means 
of suitable spring loading during the rivet-driving operation. 
Fig. 24 illustrates typical vibrating and squeezing press coun- 
tersinking tools. Fig. 25 shows rivet-driving tools. Buckup 
bars are of the usual type. 

7. Scrutiny of Actual Production — Actual production was 
followed very closely to ascertain to what extent revisions in 
procedure were necessary to facilitate production. With this 
type of follow-up it is possible to keep in close contact with 
all shop developments and to find a solution for any unantici- 
pated troubles. Fig. 26 illustrates typical processing condi- 
tions. In some cases special requirements necessitate devia- 
tions, such as permitting vibrate press countersinking, ma- 
chine countersinking in 0.040 and 0.032-in. skin, and so on. 
The manufacturing "division j is very active in directing atten- 
tion to difficult combinations requiring flush riveting. As a 
result the processing is quite well established except for such 
conditions which normally cannot be foreseen. Fig. 26 illus- 
trates four general classes of flush-riveted combinations. This 
classification is used by the Planning Department in preparing 
operation sheets for manufacturing. 
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Fig. 24—Typical vibrating and squeezing press-countersink- 
ing tools 


In all of the conditions indicated, press-countersinking by 
squeezing is utilized; however, vibrated-press countersinking 
is used to a moderate extent. 

8. Microphotographs of Production Riveting - The Mate- 
rials Testing Laboratory makes extensive investigation of 
actual production riveting by means of microscopic examina- 


Fig. 25 — Rivet-driv- 
ing tools 
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tion of the various riveting combinations. Periodically, sam- 
ples of such riveting which are made in the various depart- 
ments are submitted to the laboratory for examination. In this 
manner a very accurate check is kept of the quality of press- 
countersinking and riveting. 

Under this item also is included manufacturing inspection 
which consists principally of macroscopic examination of press 
countersinks. This examination is done with ordinary magni- 
fying glasses and also with an illuminated portable magnify- 
ing glass so that questionable conditions may be examined 
more closely. The inner or assembly head is checked by means 
of gages. Manufacturing inspection is also very rigid with 
regard to quality, appearance, and the absence of cracked 

_ press countersinks. In this regard cracked countersinks are 
‘ practically non-existent. 

g. Checking Production Costs —In order that the true in- 
creased cost of flush riveting, as compared with standard rivet 
practice prior to the use of flush rivets, may be determined, 
special attention is directed to the use of A17ST rivet material 
in place of 17ST. This change saves approximately 0.2 min 
per rivet through elimination of refrigerator service, handling, 
and so on. Since A17ST material was not used prior to the 
advent of flush riveting, 0.2 min may be added to brazier 
riveting for comparison only. Data available up to the present 
reveal that flush riveting costs approximately 30% more than 
present brazier riveting for all combinations of panel and 
fuselage riveting. In conjunction with the checking of riveting 
costs, the Estimating Division established a series of curves, 
Fig. 27, for predicting the cost of riveting applicable to both 
brazier and flush rivets under various conditions. 

The curves are supported by the fact that riveting opera- 
tions quickly stabilize, that is, beyond which point further 
improvements in time standards are not expected except 
through extensive retooling. The stabilizing can be explained 
in that, as per Item 1, the operations of riveting are numerous 
even on one airplane. 

The riveting time data indicated do not include allowances 
for contingencies and bonus or burden. 

It may be of interest to state that every attempt has been 
made to standardize one size rivet only forspress countersink- 
ing. In the typical airplane under consideration there are less 
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Fig. 27—The curves are used to predict the cost of riveting 
applicable to both brazier and flush rivets under various 
conditions 


than two hundred 5/32 and 3/16-in. press-countersunk rivets. 
This standardization eliminates the necessity of frequent set 
ups to change the tooling in order to accommodate a variety 
of rivet diameters. 

10. Summary and Recommendations — Press-countersinking 
with the rivet, in lieu of punches, was also attempted. Experi 
ments were conducted which indicated that two 0.025-in. 
sheets appeared to be the maximum thickness to which that 
process was applicable unless a rivet with a greater head angle 
were used. Because of rigid appearance requirements, in addi 
tion to the undesirability of using a rivet with a greater head 
angle, the following reasons for not further considering the 
process are advanced: 

a. Being limited in producing a relatively sharp exterior 
radius adjacent to the edge of the rivet head (see Figs. 15 
and 16). 

b. The necessity of two workmen, 
both for press-countersinking with 
the rivet as well as for forming the 
assembly head. 

c. The elimination of operations 
requiring the exercise of skill and 
multiple operators is essential in 
obtaining uniform quality. Also, 
processing made with automatic 
equipment follows the premise of 
the mass-production industries — the 
elimination of the human element. 

However, _ press-countersinking 
with the rivet has merit, particu- 
larly on such units where disassem- 
bly to press-countersink separately 
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Fig. 26-—Four general classes of flush-riveting 
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introduces additional complications. 

The foregoing comments, in view 
of the meager data available, are by 
no means conclusive, and additional 
study of the problem of _press- 
countersinking with the rivet to de- 
termine its potentialities are entirely 
warranted. 

Driving rivets by means of one- 
shot riveting tools also was studied 
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However, generally vibrating and squeezing appeared to be 
more satisfactory. The squeezing method especially in con- 
junction with the spring-loaded anvil, Fig. 14, produces a 
most uniform assembly head. Designs permitting all rivets to 
be squeezed may be considered as being ideal. 

The development of a rivet of suitable shape and adequate 
strength that may be set from one side, particularly for in- 
accessible riveting, is a logical development, provided the cost 
is within reasonable limits. 

Internal riveting particularly in a panel which, in many 
cases, must be done through lightening holes, and in partially 
inaccessible places, costs approximately 50% more than ex- 
ternal riveting. Therefore, more detailed attention should be 
given to the problem of internal riveting, especially in view of 
the close quarters in which the operations must be performed. 

Avoiding an excessive number of rivets beyorid the struc- 
tural requirements also will be conducive to reduced riveting 
costs. 

Cognizance should be taken of the fact that a reduction of 
as little as 0.05 min in a riveting operation involving 45,000 
rivets in a typical airplane justifies the development of new 
and advanced riveting tools and methods. 


Conclusions 


The foregoing résumé, although concise in form and lim- 
ited in scope to generalities, is intended to outline essential 
data. Unquestionably many ramifications of flush riveting 
remain to be analyzed and much can be done to catalog basic 
elements for detailed scrutiny. In conclusion, there is no 
sanction for the contention that the incorporation of new 
design requirements in production quantities cannot be at- 
tained except at an unavoidable and excessive cost penalty. 


Discussion 


Advantages of Martin 
115-Deg Flush-Rivet Head 


— B.C. Boulton 


Glenn L. Martin Co. 


HE authors’ paper is a notable contribution because: 
1. It points out that, as regards riveting, aircraft construction is a 
mass-production operation. 

2. Hence mass-production methods of detail time study are applicable. 

3. It gives results of such detailed study and methods used to reduce 
the costs. 

Mr. Berlin, Mr. Rossmann, and the Curtiss Co. deserve much credit 
also for development of methods and tools that produce a sound rivet 
with few sheet cracks around the rivet, considering the very serious diff- 
culties the 78-deg rivet presented. Their technique and analysis is in 
general the same as Glenn L. Martin’s and is the only successful one. 
Minute attention was paid to small details, and careful analysis of causes 
of trouble and cure was made, aided by microscopic study. 

We, however, believe that, for many reasons, a different rivet head 
offers many advantages over the 78-deg head and, after exhaustive tests, 
have standardized on 115-deg head with a diameter of 2.05d and a 
thickness of 0.36d. This head is slightly concave. We believe it has the 
following advantages over the 78-deg Curtiss rivet: 

1. It deforms the sheet, when dimpled, much less and hence is in- 
herently better as regards cracking of the sheet. 

2. As a result, less specialized tools are required and less skilled men 
can be employed. 

3. Because the sheet is not so severely cold-worked, it is less likely to 
crack under vibration or strain. 

4. For a given thickness of sheet, the rivet has a larger grip on the 
sheet. 


5. Due to the high pressure around the periphery of the rivet, the 
sheet is gripped tighter. 
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6. Hence, our rivet is believed to be better for fuel-tight joints and for 
elimination of corrosion between rivet and sheet. 

7. From a cost viewpoint our rivet permits machine countersinking of 
thinner gages for the same tension load on the rivet. This advantage is 
of basic importance because of the reduction in cost involved and be- 
cause the difference in gage is sufficient to permit machine countersink- 
ing, with gages normally used for covering 0.025 to 0.032 in., in which 
3/32 and 1/8-in. rivets respectively can be so countersunk and give a 
tensile strength equal to 70% of the tensile strength of the shank. 

The various costs given by the authors are somewhat confusing as to 
the present status of flush versus brazier-head riveting. 

1. Where the flush rivets can be machine-countersunk, it is my under- 
standing that such flush rivets cost 15% less than brazier rivets. With 
the Glenn L. Martin rivet this relation would then be true of the ma- 
jority of the skin rivets. 

2. Again, dimpled flush rivets cost 13% more than brazier when mul- 
tiple riveting is not used. 

3. With multiple riveting, the dimpled rivet is 47% more costly. 

4. However, even dimpled flush rivets are much cheaper with modern 
methods than the brazier rivets used to be under previous practice. 


Douglas and Curtiss 
Technique Compared 


— V. H. Pavlecka 


Douglas Aircraft Co., Inc. 


IMILAR work has been in progress independently in other aircraft 
plants in this Country during the last two or three years. Now that 

this work has been terminated and several usable flush-riveting methods 
are available, it is interesting to make some comparisons on the basis of 
the authors’ revealing description of the Curtiss method of flush riveting. 

The Douglas Aircraft Co., Inc., with which the writer is associated, 
also has produced a method of flush riveting which is currently in use in 
the Douglas shops; the DC-4 transport is one of the newer Douglas air- 
planes flush riveted by it. The Douglas flush riveting is basically different 
from the Curtiss procedure in that it uses the rivet itself as the dimpling 
tool. At the beginning of this development work, the intentions were to 
use, if at all possible, the present 78-deg AN standard rivet. This effort 
was abandoned with reluctance when it became obvious that the dimples 
in the sheets would crack consistently at the edges. The cracks occurred 
even when the 78-deg AN standard rivet was used as the dimpling tool 
although, in this case, the increase of the rivet-head cone angle during 
the forming of the dimple should have tended to diminish the severity 
of the dimple edge cracking. 

Although it was realized that a smaller rivet head diameter would 
help in eliminating this difficulty, the study of the geometrical properties 
of a flush rivet head indicated the desirability of not too greatly reducing 
the ratio of rivet-head diameter to rivet-head height and also to rivet 
shank diameter. Good rivet-head proportions should favor a large volume 
of metal located in the rivet head; this latter characteristic was recognized 
at the outset as having a very important influence on the strength of 
flush riveting. 

It was reasoned that these features could not be attained with a re- 
duced diameter 78-deg AN standard rivet. A series of new rivets was 
experimented with, featuring included head angles within the range of 
from 80 to 120 deg. The method of riveting by first pre-dimpling the 
sheets by special tools before insertion of rivets was, at the same time, 
abandoned in favor of using the rivets themselves as dimpling tools. 
This principle of dimple forming has several physical advantages and at 
least one practical attraction in that it makes possible faster riveting; 
drill-countersinking of the internal structure is resorted to only in cases 
of those thicknesses which cannot be dimpled, for example, wing beam 
flanges, and so on; otherwise, both the external as well as the internal 
structural components are dimpled together by the rivet while being 
driven. 

The rivet metal, A17 ST aluminum alloy, at present in general use for 
aircraft riveting, is always softer than the sheet material being joined. 
The rivet, therefore, has to deform plastically while forcing the dimple 
into the considerably harder sheets. Unless the rivet-head angle is se- 
lected properly, the rivet head may suffer extreme plastic distortion, 
which would be objectionable if carried too far. It was found by experi- 
ment that, with rivet-head included angles at around 100 deg, the plastic 
deformations of the head were at the minimum. Accordingly, a 100-deg 
rivet-head angle was selected as the Douglas standard for flush rivets. 

Although many hundreds of thousands of rivets already were driven 
in this manner, and countless cross-sections of finished seams were 
examined microscopically, no rivet fractures or dimple-edge cracks ever 
have been discovered. The plastic deformation of the rivet-head material, 
induced by the resistance during dimple forming, changes the rivet-head 
included angle from 100 deg to between 110 and 115 deg, depending 
upon the thickness of the sheets. The rivet metal hardens from strain, 
although no way has been found to determine the exact amount of this 
effect. Strain hardening of the rivet material during riveting is considered 
desirable, provided it is not localized and excessive. The tight filling in 
of the dimple cavity with the rivet head and shank metal is also desir- 
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able. Sheets up to 0.064 in. (two thicknesses) can be riveted by dimple- 
countersinking using this method, with the maximum recommended 
thicknesses about the same as given by Mr. Berlin and Mr. Rossmann in 
their paper. The rivets are driven into dimples by impact with, prefer- 
ably, so-called slow-hitting pneumatic hammers of approximately 1500 
cycles per min frequency. 

The forming of the dimples by the rivets does away with the ex- 
tremely accurate and sensitive dimpling tooling which the authors men- 
tion as necessary to the success of flush riveting by pre-punch counter- 
sinking. 

It is believed that the Douglas dimpling method strain hardens that 
part of the sheet portion which is formed into a dimple less than the 
Curtiss method, because of large angularity (approximately 110 to 115 
deg) of the finished Douglas dimple, as compared to the smaller angu- 
larity (78 deg) of the dimple cone for the AN standard rivet. Whether 
this consideration has any effect on the service durability of the seams 
remains to be seen. 

It is inevitable that, on any modern a!l-metal airplane, some external 
rivets must be drill-countersunk because of the extreme skin thickness. 
The strength and durability under cyclic load variations require that a 
drill-countersunk rivet head should be as large as is consistent with good 
proportions, and also that the rivet-head cone angle should be reasonably 
wide in order to obtain a large bearing area on the sheet. In this respect 
it appears that the Douglas rivet has an advantage, because of its 100-deg 
head angle, and because its head to shank diameter ratio is 1.875 as 
compared to 1.60 for the Curtiss rivet. The ratio 1.875 does not produce 
excessively large rivet head diameter and is considered to be a good 
compromise. 

Mr. Berlin correctly appreciates that successful and speedy riveting is 
conditioned upon revisions of the conventional airplane assembly meth- 
ods. The classical assembly procedure of all-metal airplanes was bor- 
rowed from shipbuilding and regarded the airplane structure as a single, 
indivisible body consisting at most of a separate fuselage, wings, and 
control surfaces. Mr. Berlin’s decision to assemble the airplane structure 
by the application of automobile mass-production practice, from sub- 
divided panels, has made possible the use of squeezers; riveting by 
squeezing not only produces smooth external surfaces, free of residual 
skin buckles, but also achieves a phenomenal speed by multiple rivet 
upsetting of the rivet closing heads. This production technique is a dis- 
tinct contribution to aircraft manufacturing. 

The Douglas flush-riveting system was developed primarily for the 
assembly of large airplanes, whereas the Curtiss flush-riveting process 
apparently was conceived for the production of large numbers of small 
airplanes. The Douglas flush-riveting method also could be adapted for 
multiple riveting by squeezers should necessity warrant it. Experience 
has shown that flush riveting on openly accessible structures consumes 
only slightly more time than riveting with external-head rivets. Flush 
riveting becomes a slow operation only at structural crossings, poorly 
accessible corners and all those localities on the airplane structure which 
require special tools to perform the operation. This is the main, and at 
times the only, cause of riveting delays. These operations are called 
summarily “pick-up riveting” and, unless the airplane structure is de- 
signed so as to avoid these conditions altogether, ‘pick-up’? work must 
occur in all methods of flush riveting and unavoidably delay it. 

Mr. Berlin, Mr. Rossmann, and the Curtiss-Wright Corp. should be 
congratulated not only on their fine achievement in the flush-riveting art, 
but also on the frank and factual presentation of their research data to 
the interested technical public. 


A Symposium on Varnish in Engines 
(Discussion concluded from page 324) 


to the crankshaft. A crankcase temperature of 280 F was being main 
tained with air metered to the crankcase. We now are told that the con 
ditions used to accelerate the foregoing tests are service operating con 
ditions of today. It is not entirely surprising that lacquer troubles ar 
now occurring in the field. 

Tests in our laboratory have indicated that close piston clearances are 
not necessary to form lacquer, as we have had no trouble in producing 
varnish at will with both close and loose clearances. With close clearances, 
however, the trouble is more serious. We believe the following to be th« 
controlling factors in the early formation of acetone-soluble lacquer in 
automotive engines: 

1. High crankcase oil and piston temperatures. 

2. Oxidation of the lubricant to material which ultimately comes out 
as sludge. An alternative is fuel gum accumulating from diluent derived 
from the foregoing. 

3. Adequate solvent power of the lubricating oil medium for such 
sludge or gum. 

4. A high content of easily evaporated material in the oil medium. 
This material may be a light and volatile neutral oil or a large proportion 
of fuel diluent. This portion evaporates off, concentrating the soluble 
oxidation products so that they drop out in the form of lacquer. 

5. Too infrequent renewal of the crankcase oil and filter cartridge. We 
have found that oxidation products caught in the filter may be redis- 
solved when the oil becomes diluted or is replaced by another oil of high 
solvent power for sludge or gum. 


6. Carry-over in the crankcase of the sludge from a previous oil 
change. The oxidation of a cheap oil installed at the factory may leave 
behind oxidation products which will be soluble in an otherwise satisfac- 
tory oil. This constituent catalyzes the oxidation of the new oil, and thus 
helps to lay down lacquer. 

As a rule, the more paraffinic the oil, the less tendency there is for 
lacquer formation. This condition is due to three inherent properties of 
such a lubricant: First, the course of the oxidation reaction in highly 
paraffinic oils is in the direction of organic acidity rather than sludge 
formation. Second, because paraffinic oils have a very low solvent power 
for sludge. Third, as a rule, oils of this type have a low volatility, even 
the lighter grades. In our laboratory we have been unable to produce 
lacquer with any SAE No. of non-sludging paraffinic oil, even though 
oxidized until the viscosity had increased to several times the original 
value. Some solvent-refined mixed-base oils have formed lacquer in the 
SAE to grade, but none has been observed in the heavier grades in 30 to 
40 hr of accelerated deterioration. Most highly naphthenic oils have been 
found to produce varnish in all the ordinary motor grades, the lacquer 
sticking the engine in 10 hr in the SAE 10 grade; as the viscosity was 
increased, longer running time was possible. 

Experiments have demonstrated that oil deterioration is many times 
faster in new engines than in those which are completely conditioned. In 
an engine which had been broken in completely, an oil which severely 
lacquered the piston and cylinder at 10 hr with C/L and C/S bearings, 
gave only a light lacquer deposit at 20 hr with babbitt bearings. In any 
engine where scuffing and wear are occurring, oil deterioration will be 
accelerated greatly, due in part to the catalytic effect of fresh metal sur 
faces and particles. In engines which give abnormal lacquer or corrosion 
problems, it is suggested that points of wear be investigated as to design 
or metals employed in the manufacture of the parts. 

Troubles from varnish-forming lubricants cannot be solved complete! 
by the addition of oxidation inhibitors to low-quality oils. All that can 
be expected from such inhibitors is the avoiding of the chemical break 
down of the oil for a short time. Lacquer can be formed in an engine by 
contamination from without even though the oil itself remains chemically 
unchanged. It should be remembered that dilution carries into the crank- 
case highly cracked gum-forming heavy ends of the fuel, along with 
asphalt-like materials dissolved out of the carbon deposit. Since the 
diluent is vaporizing away continually and being replaced by fresh dilu 
ent, the non-volatile residues of large amounts of heavy ends of the fuel 
are concentrated and held in solution. 

The presence of heavy ends from the fuel in the oil increases its solvent 
power for oxidation products collected in the filter from previous oils, 
and prolonged operation of an engine without change of oil and filter 
cartridge may lead to lacquer formation, even though the oil be of a non- 
varnish-forming type. When a lacquer test engine was run on two 
batches of a non-lacquering paraffinic oil removed respectively from the 
crankcases of a new 1937 overhead-valve engine operated for 1500 miles, 
and an older 1936 V-8 L-head engine operated 2500 miles, both equipped 
with cotton-waste filters, a serious lacquer deposit resulted. Both drain- 
ings were clean and fairly light colored, but diluted because of a winter 
operating schedule. It is our belief that operation of the two automobiles 
at high enough loads to reach a consistent 280 F crankcase temperature 
before the oil in question was drained would have resulted in stuck pis 
tons. I doubt if any owner other than a technically competent person 
would have considered changing the oil in either vehicle by visual in- 
spection of the oil on the dip stick. 

During the last year we have been studying the deterioration of re 
claimed oils versus new oils. In one series of tests, three SAE 30 re 
claimed oils of approximately 90 V.I. (Viscosity Index) were compared 
with a go V.I. SAE 30 solvent-refined mixed-base oil. Two of the 
reclaimed oils deposited a heavy varnish-like material on the piston, 
wrist pin, cylinder, and other moving parts, forming at the same timc 
considerable sludge in the crankcase. Under identical conditions the new 
oil gave a thoroughly clean engine. It is interesting to note that the third 
reclaimed oil formed some sludge in the crankcase but left no lacquer 
deposits. The C/L bearings and other copper alloy metals in the engine 
were blackened by what was proved to be sulfur corrosion. Corrosive 
sulfur was found in the oil, presumably from hypoid rear-end lubricants 
which are often present in the promiscuous drainings collected from con- 
ventional sources by oil reclaimers. We do not want our remarks on the 
corrosive sulfur bearing oil to be construed as a suggestion that this is a 
way to solve the lacquer problem. It is our opinion that we very easily 
can get out of one bad situation by such additions to oil and, as demon- 
strated, we can, at the same time, get ourselves into a worse one. For 
example, one class of alloy bearing corrosion inhibitors neutralizes the 
catalytic effect of the iron, copper, cadmium, and other metallic oxidation 
promoters in the engine by promoting the formation and deposition of 
lacquer. Again, addition of chemical compounds to low-grade lubricants 
to give them the physical characteristics of high-grade oils can be com- 
pared to giving the leopard a new set of spots—it will not change his 
disposition. 

In conclusion, it is important that a high-grade oil be used by both the 
factory and the owner all the time if lacquer formation is to be avoided. 
Since there have been oils on the market for many years which will not 
form varnish, we believe that the use of such lubricants with a reasonable 
recommendation for crankcase-oil change intervals by engine manufac- 
turers will eliminate a large part of the lacquer and sludge problem. 














The Utility and Economics of Small 
Passenger Cars and %-Ton Trucks 


By H. O. Mathews 


futomotive Engineer, Public Utility Engineering & Service Corp. 


D remigun problems for small cars and 
14-ton trucks analyzed in this paper in- 
clude those of personnel, garaging, purchasing, 
economical life, gadgets, driver training, repair 
practices, tires and tire maintenance, painting, 
records, operating costs, design improvements, 
1939 economy models, utilization of vehicles, and 
leased cars. 


In a review of actual operating costs from 
several fleets, Mr. Mathews shows that the de- 
pression was instrumental in producing the low- 
est operating costs, and that increased labor rates 
and material costs, as well as increases in the 
prices of vehicles, have contributed to the in- 
creases since 1933. He indicates, however, that 
these increases have been kept to a minimum by 
good fleet management. 


Fleet records also show that 6-ply tires are 
more economical than 4-ply tires on passenger 
cars, as they increase mileage about 25% for an 
18% increase in cost, he reports. 


Commenting on present and future economy 
models, Mr. Mathews expresses his belief that 
economy is proportional to the weight regardless 
of the design, and lists four demands of the oper- 
ators for future economy: 1. reduced vehicle 
weight; 2. reduced engine size keeping the horse- 
power versus weight ratio high enough for good 
engine efficiency; 3. improved carburetion: and 
1. improved ignition. 


HIS subject was selected as one offering the most diver- 
sity of opinion among the operators and, therefore, the 
most likely to promote discussion. Most of the factors 
encountered in the selection and maintenance of this group of 
vehicles as a class will receive some consideration, although it 


[This paper was presented at the World Automotive Engineering Con- 
gress of the Society, New York, N. Y., May 24, 1939, under the above 
title, and also at San Francisco, Calif., June 6, 1939, under the title: 
“Fleet Operation of Small Passenger Cars and %-Ton Trucks.”’] 
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is not possible to cover all points thoroughly in the space 
allotted. 

In order to provide the continuity desired, each item dis- 
cussed has been designated by a particular heading. The items 
in the order in which they will be treated, but not necessarily 
in the order of their importance, are: 

Personnel Requirements for Maintenance Purposes 

Garaging 

Purchasing Policies 

Economical Life 

Gadgets 

Driver Training for Small-Car Operation 

Repair Practices 

Tire and Tire Maintenance 

Painting Practices 

Records 

Operating-Cost Trends 

Improvements in Design 

1939 Economy Models 

Interesting Uses of Vehicles in Fleets 

Leased Cars 

Each of these items is a subject within itself and, as men- 
tioned before, the scope herein presented can only cover a few 
of the important points. 


Personnel Requirements for Maintenance 


The personnel required for maintenance of small passenger 
cars and ¥,-ton trucks depends upon the number of vehicles 
and the mileage. A mileage of 1000 to 1500 per vehicle per 
month is about the average of this type of equipment in 
utility service, and this figure is used in the calculations fol- 
lowing. 

Experience indicates that one man can maintain, service, 
wash, grease, and oil about 15 vehicles averaging this mileage. 
This statement assumes that all of the cars are in the garage 
every night and that no field inspection trips are necessary. 
Many of our vehicle maintenance men handle more than this 
number, but they depend upon dealers and service stations for 
major overhauls. We try to arrange for outlying cars to come 
to the garage at least once monthly for inspection and greas- 
ing and, in that manner, maintain a regular work load for the 
maintenance force. 

One of our operations consisting of 150 cars traveling 
2,000,000 miles annually has the following maintenance force: 
1 foreman, 2 washers, 4 service men, and 4 mechanics. 

This force does all of the maintenance except the major 
overhauls on the larger trucks. 
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Of course, the larger the fleet, the more efficient the mainte- 
nance force can be, due to the specific assignments which can 
be made. In one location we maintain 340 vehicles with 22 
men, with the exception of the major overhauls of large trucks 
and repairs due to accidents. In this case a Ford mechanic is 
not called upon to work on any other make of car and, there- 
fore, maximum efficiency always is obtained. The most expen- 
sive maintenance costs occur in the small garage housing 8 to 
10 vehicles which requires an attendant. In most of these 
cases, we try to arrange for dealer service and thereby elim- 
inate the necessity of a garage service man. All of the studies 
we have made indicate that this is the most efficient plan of 
maintaining these small groups of cars. 


Garaging 

Perhaps the first and certainly one of the most important 
problems in economical operation is the housing or garaging 
of the vehicles. 

Most of the transportation accounting systems which I have 
seen do not reflect the cost of company-owned garages. If they 
did, many companies might soon arrange to dispose of the 
garage and completely change the garaging routine. 

The cost of the space required for garaging is usually more 
expensive to own than to rent but, since these costs cannot be 
included in the transportation costs, they do not receive the 
proper consideration. 

It was my good fortune to have the opportunity to study 
these problems in a large fleet in Chicago a few years ago. 
The problem was mainly that of retaining (and incidentally 
renting) large centralized garages or to decentralize into 
smaller groups on a district or divisional basis. 

The first objection was raised by the vehicle maintenance 
foreman who claimed that centralization was necessary for 
efficient and economical maintenance. To offset this possible 
loss were the advantages of time saved by the drivers by being 
nearer the job and reduced mileage of the vehicles. 

The plan finally adopted was to rent space enough to park 
and service the cars in a public garage in the districts in which 
they were used. The leases usually were made on an annual 
basis and, if the expiration dates of these leases are in the 
warmer months, better rates may be secured. The more im- 
portant advantages of this plan were: 


1. Heat and building service were furnished with the space. 

2. Dead mileage was reduced to a minimum resulting in 
more efficient vehicle usage. 

3. Locations could be changed at a minimum of cost if 
necessary. 


The immediate problem which confronted the fleet super- 
intendent was the probable increases in parts which would be 
required under this plan. A careful study was made to deter- 
mine the probable needs, and a maximum stock was provided. 
The stock was replenished daily, and no additional expense 
was involved. 

The foregoing discussion concerned a fleet in a large metro- 
politan area. In the case of the smaller cities the garage prob- 
cm is simpler. The dead mileage is much !ess, and arrange- 
ments to supply more than one location with vehicle parts and 
stores and supplies for the crews are too expensive. We have 
found it advisable to house fleets in these cities in company- 
operated garages. The ownership of the building depends on 
the company policy of owning or renting the warehouse. In 
most cases it is necessary to build a warehouse to meet com- 
- pany requirements, and it is therefore advisable to include a 
garage in the same building. 

In the case of smaller cities where from 1 to 15 vehicles are 
used, public garages are again advisable for housing. No 
investment is necessary and, since the work should be per- 


formed by the mechanics in the public garage, it is only nat 
ural to house the cars at the same garage. 

There are many instances in which our cars are housed at 
the employee’s home. Payment of garage rental is made in 
extraordinary cases. The main objection to this plan is that the 
car may be (and quite often is) used for personal business. 

Ne have tried to have the employee pay for this mileage, but 

I am sorry to say that it just will not work. Based on the 
experience with our fleets, we discourage parking at the em 
ployee’s home. ; 


Purchasing Policies 

Inasmuch as the cost of the vehicle is an important factor in 
the total costs of operation, some discussion relative to pur 
chasing policies seems to be in order. Most of us must deal 
with purchasing agents and it is therefore important that the 
best mutual understanding of the problem exists. 

The transportation department should be expected to pre 
pare the specifications which will include all of the equipment 
to be furnished by the dealer. Inasmuch as the purchasing 
agent can do best when there is competition, the specifications 
should include more than one make of vehicle. It has been my 
experience that the highest trade-in values will be obtained 
when there is more than one make being considered. Fur 
thermore, better public relations usually exist when the com 
pany considers as many makes as practicable. 

Dealers should submit bids on the new unit, complete, with 
their usual discount and then consider the trade-in value of the 
old car. This basis of bidding will keep the book value of the 
new vehicle lower and will be a true representation of the 
salvage value of the old unit. 

Prompt delivery is important as the new unit should be 
placed in service as soon as possible to save additional repairs 
on the old one and to take advantage of the economy of the 
newer model. In many cases there is considerable work neces 
sary to place the vehicle in service. This factor is worthy of 
more consideration. The private individual receives his new 
car ready to run, so why not the fleet owner (as regards pas 
senger cars)? No reduction in price is made by the dealer for 
incomplete service. Many companies deliver the decalcomania 
transfers and numbers together with any other extra equip- 
ment to the dealer, and the car is then ready for service when 
received. This procedure eliminates excessive 
by the maintenance forces. 

Many operators cannot take advantage of the dealer’s free 
service at the 500 and 1o00-mile interval due to service de- 
mands. Others could, but do not, and it appears advisable to 
give this small matter careful consideration. This service, 
which has been developed carefully by the manufacturer, 
seems important enough to the economical life of the car to 
warrant taking advantage of it if at all possible. 


capital charges 


Economical Life 


No discussion of this type would be complete without dis 
cussing the economical life, or the replacement age or mileage 
which produces the lowest costs. 

The first statement which probably should be made is that 
there is no formula which can be applied to this question. 
There are, however, several fundamentals to bear in mind 
which will serve as a guide. A few of these follow: 

The used-car market will govern the economics of early 
or later trade-ins. 

2. Should a general plan be adopted applying to one com- 
pany or locality, do not publicize it as it may not apply to 
other areas. 

3. Depreciation costs on these cars (except those with spe- 
cial bodies) should not exceed 7.5 mills per mile. 

4. Each car must be considered separately. 
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Depreciation on most of our cars is established by using 
65,000 miles or 60 months for 85% of the cost, leaving 15% 
as an estimated salvage. Experience indicates that over 20% 
of the original cost is being realized on vehicles which have 
been depreciated fully, and the difference is credited to the 
costs of the old vehicle when it is traded in. 

After considerable discussion, the management agreed to 
waive the 65,000 miles life expectancy and allow trades when 
they were more economical. 
been most outstanding. 


The result in one location has 
During 1938, 32% salvage was real- 
ized on passenger cars and pickups, making the depreciation 
costs less than 7 mills per mile. The service in this area is 
rather severe, and we have adopted a plan of making replace- 
ments before the first major engine overhaul is necessary, 
which will vary from 35,000 to 80,000 miles depending upon 
the operating conditions. 

As another example, we have a small gas-producing com- 
pany in eastern Kentucky. The roads consist partly of creek 
beds which are not always dry and, of course, gas wells do not 
always come in along good highways. In this area, one-half 
ton pickup is the dependable transportation next to horseback. 
We are convinced by experience that, when the first set of new 
rings are required, the car should be traded in on a new one. 
Operating results indicate that we can expect an increase of 
over 5 mills per mile by keeping the cars for a longer period. 
All working parts deteriorate faster due to the severity of 
service in this area, and the life is usually about 45,000 miles. 

Let us now move to a section of the country where the roads 
are good and the country is fairly level. There are no large 
metropolitan areas conducive to high costs and short life and, 
therefore, a longer life might be expected. In this area the 
greatest contributing factor to life is obsolescence. Mileage of 
from 85,000 to 125,000 per vehicle is not unusual, but from 
6 to 7 years is required to get it. If the use factor could be 
improved, we might well expect a proportional increase in 
vehicle life in miles. Depreciation costs are less than 7 mills in 
this area and, as may be expected, the total costs are among 
the lowest. 


Gadgets 

This subject could be covered by three words: “keep them 
off.” However, there are some observations which ne 
worth while. First, a word about gas savers. About 99.9% of 
these gadgets are worthless; however, the degasser cabins 
by the Liebing Governor Co. for special use on buses is 
worthy of mention. The principle, which is that of reducing 
the vacuum, seems to be correct and the results are satisfac- 
tory. The best gas saver is the efficient driver, although im- 
provements have been made by changing the 


carburetor jets 
to smaller sizes. 


In other cases smaller jets have resulted in 
decreased mileage. It is recommended that actual operating 
tests be made with exhaust-gas analysis if the jets are to be 
changed. 

An accessory out of the gadget class is the condenser which 
can be connected to the radiator for condensing volatile anti- 
freeze. We have used a number of these units with very 
satisfactory results and, in many areas, consider them to be 
essential. We did discover that we could make them consid- 
erably cheaper than they could be purchased. 

Top cylinder lubricants are placed in the gadget class. That 
is, they do no particular harm as most of them are ordinary 
perfumed lubricating oil, but they do no particular good and 
therefore are a waste of money. If the carbon needs removing, 
top cylinder lubrication will not remove it. 


Another group of gadgets are the sludge removers. 


There 


1See SAE Transactions, June, 1939, pp. 259-270: ‘Filtering Fallacies,” 
by Austin M. Wolf. 
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may be a few of these on the market which are satisfactory, 
but there are so many others that it is the safest recommenda 
tion not to use them. We have found that the best method of 
removing the sludge (other than under the rings, and some of 
this will be removed) is to reverse flush the crankcase, using 
kerosene under 20 to 30 lb per sq in. pressure. We have been 
able to open the oil lines and screens on some of the worst 
cases by repeating this operation two or three times. It is most 
satisfactory on cars equipped with the gear type of oil pump. 

Oil filters are almost out of the gadget class, although they 
are very much misused. Your attention is called to Austin M. 
Wolf's paper presented in Detroit in January for complete 
information on the oil filter! It can be used successfully to 
keep the oil clean and to extend the oil life, if proper super- 
vision is given and filters are not used on low-mileage cold- 
running vehicles. The clean crankcases are conducive to 
better workmanship by the maintenance force, and we believe 
that we have made a good investment by placing filters on 
high-mileage small cars. 

There are many other gadgets, but time and space are too 
valuable to permit their discussion. 


Driver Training 


The efficient use of the equipment and the lower cost of 
operation depend to a very large extent on the driver’s ability 
and attitude. Most large companies have developed training 
programs to improve the efficiency of both the workman and 
supervisor. Unfortunately, the hourly cost of the vehicle is 
about one-third that of the driver and the management is 
naturally prone to pay enough attention to the effect of the 
driver on transportation costs. 

In some parts of the country we have found it profitable to 
suggest, in the form of regular company bulletins, the display 
of stripped chassis exhibits at dealers’ show rooms. These 
displays are usually made when the new models are intro 
duced and the drivers are therefore interested in some of the 
more important mechanical features. Many drivers will there- 
fore make it a point to see these units without cost to the 
company. 

In our field inspections we always have made a special 
effort to talk to the driver. He generally has some questions 
concerning the operation of his car, and any information given 
him will be appreciated and conducive to economical opera- 
tion. Special bulletins and cards containing operating slogans 
are also helpful in maintaining the driver’s interest. 

We also make special efforts to attend the drivers’ safety 
meetings where possible. Time is usually available for a short 
talk on vehicle operation and for answering the drivers’ ques- 
tions concerning it. 

Probably the most important of all is the executive’s interest 
in operating results. One statement from the president is 
worth ten from the transportation department and, therefore, 
it is important to get the transportation problems before the 
executives in the simplest form. Most executives own a car 
and are, therefore, interested in the operating results of the 
company vehicles particularly when they realize the amount 
of money involved. 

Contests between drivers or departments can be organized 
easily to promote safer and more economical operation. An 
analysis of the results of such contests is of prime importance 
in reducing the costs. Publicize the results and the analysis 
and you probably will be pleasantly surprised at the reaction 


of the drivers. 
Repair Practices 


There are many ideas as to the best plans for repairing 
small vehicles. A few years ago the general feeling was that 
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an elaborate company shop was the only means of securing 
adequate repair service and, when the stability of the Model T 
Ford is considered, there were sufficient reasons for this 
thought. During the past few years dealers’ service stations 
have been developed to the point where, at present, most of 
these authorized dealers’ stations are capable of furnishing 
good repair service to any current make in the small-car field. 
The change from the Model T to the Model A and from the 
Chevrolet National to the 6-cyl motor brought the opportunity 
to many fleet owners to abandon their repair shops. There 
are, however, a number of more or less elaborate shops main- 
tained today in the larger metropolitan areas where the cost of 
getting the vehicle to and from the dealer’s service station is a 
serious problem; furthermore, many vehicles require stores- 
department service, that is, materials must be taken from them 
and new material for the next day’s work added to them dur- 
ing the night. It is therefore not possible to have the repair 
work done at a dealer’s service station during the evening 
hours. 

It has been our experience that, in larger metropolitan cen- 
ters, it is very difficult to get repair service after closing hours 
and, if it could be secured, it was at a premium price. It has 
therefore been necessary to develop a modified repair shop in 
which only ordinary service work such as tire repairs, brake 
overhauls, engine tune-ups, and so on, are performed. 

In smaller cities arrangements can be made to house the 
vehicles in or near the dealer’s service station. The dealer 
then can be expected to do all the necessary work to maintain 
the vehicles, and very satisfactory contracts can be arranged 
for this service. In connection with this arrangement it has 
been found advisable to make periodic inspections of the vehi- 
cles in order to be sure that all the necessary work is being 
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Fig. | —Actual costs of a large utility fleet operating in a 
metropolitan area 


done and that the quality of the work is satisfactory. During 
the last two years we have had some very sad experiences with 
this plan in that dealers in small towns either do not know 
how or do not care to maintain the vehicles in a serviceable 
condition. We arranged to have the dealer inspect the vehicle 
periodically and recommend any repairs which they felt were 
necessary. In addition to being paid for the repairs made, they 
also were paid for the inspection and, to our surprise, many 
items were overlooked and we were forced to discontinue the 
practice due to the fact that we got nothing for the money we 
expended for the inspection. 

We again have resorted to making the driver responsible for 
the repairs on his vehicle in isolated towns where we have one 
to five vehicles. Our transportation supervisors make occa 
sional checks of these cars, and our results are very satisfac 
tory. The manufacturer’s rebuilt engines have been of great 
assistance in getting satisfactory repairs from dealers and in 
reducing the repair costs in many of our own garages. In our 
more elaborate shops we have found that, in many cases, we 
can overhaul the original motors cheaper than we can use the 
manufacturer’s rebuilt units. 

As a result of our experience .on current-model vehicles, we 
feel that a periodic inspection on about a 1000-mile basis, 
which is made in connection with the lubrication of the vehi 
cle, is of prime importance. Very little time is spent on this 
inspection, and our inspector’s report merely reminds the 
workman that he should look at all of the items mentioned. 
A more elaborate inspection is made on about a three months’ 
or 3000-mile basis. This inspection, however, does not require 
the disassembly of any of the major units of the vehicle as we 
feel that, as long as the car is operating satisfactorily without 
any driver’s complaints, it had best be let alone. 


Tires and Tire Maintenance 


Some discussion on tires and tire maintenance is applicable 
to the economics of small cars. The 6.00-16 tire, as used on 
most of the small cars today with the exception of some of 
the most economical models, has improved the tire mileage. 
Improved quality of tires also has reflected increased mileage. 

Interesting records have been developed in the past few 
years in some of our fleets. These records indicate that it is 
economical to run 6-ply tires instead of 4-ply on passenger 
cars. The mileage is increased about 25%, while the increase 
in cost is only 18%. The economy is increased further when 
6-ply tires are used instead of 4-ply on 4-ton trucks. In this 
case the mileage increase is approximately 40% on the 6-ply 
over the 4-ply. 

Frequent checking of the air pressure and inspection of the 
tires for nails, cuts, and so on, are of prime importance. In 
most of our operations the air pressure is checked weekly and 
the tires are inspected thoroughly monthly. To anyone who 
is not convinced of the necessity of the inspection, I recom- 
mend the tire X-ray machine recently developed by one of 
the major tire companies. 

When the cars using 5.50-16 tires are purchased, we 
specify a change to 6.00-16. We feel that the greater mileage 
will more than pay the difference, and an additional size in 
stock is eliminated. 

Puncture-sealing tubes to eliminate tire and tube damage 
from running flat have been used extensively. Spare tires 
have been eliminated from many commercial units by using 
these tubes. Records indicate that a spare deteriorates faster 
than the other tires, and it is therefore advisable to eliminate 
them if possible. 


Many commercial units equipped with special bodies are 
under-tired. Special consideration should be given to the tire 
The air pressure should be in- 


equipment on these units. 
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creased to compensate for the greater load, and the speed 
should be held to a minimum. 


Painting Practices 
so) 


A few years ago it was necessary in large fleet operation 
to schedule vehicles into the shop on a regular basis so that 
they could be painted approximately once each year. From 
8 to 18 months appeared to be the life of the lacquer paint. 
With the advent of the synthetic enamel, the cost of the ap- 
plication was reduced materially, and the life of the paint was 
more than doubled. After some experimenting, it was evident 
that no further scheduling of vehicles for painting was neces- 
sary. Except in areas affected by salt air, the life of the paint 
was determined largely by the abuse it received. In other 
words, if there were no scratching or denting of fenders or 
body, one paint job might last the life of the vehicle. The 
life of the paint in the areas affected by salt air was increased 
materially but, in some cases, it is necessary to repaint vehicles 
regularly due to the unusual conditions in these areas. At 
the present time repainting the vehicles in most fleets has 
ceased to be a major problem in maintenance. 


Records 


The best results would be of little value unless adequate 
records are maintained. Likewise, poor results can best be 
improved through the utilization of complete records. During 
the past few years, some experimenting has been done on 
combining the records of all cars of the same make and model 
into one group. In my opinion this is a mistake, as the in- 
dividual car cost is lost and the value of having it for analysis 
purposes also is lost. Group accounting is satisfactory and 
probably advisable for management perusal in order that the 
executives’ time can be conserved. No substitute can be made 
for individual-car cost accounting for efficient supervision of 
the transportation department. Some arrangement should be 
made to maintain running costs of the individual cars from 
an accumulative basis in order better to determine the economi 
cal replacement point. 

Depreciation usually is charged on a straightline basis, that 
the cost per mile for depreciation is the same throughout 
the life of the car. This is a simplified method of accounting, 
but it does not reflect true costs. 


IS, 


Investigation revealed that 
the correct depreciation for the first year is approximately 
30%, decreasing to 8% for the fourth and fifth year of life 
of the car. Consideration should be given to maintaining the 
depreciation charges on an actual basis where possible. 

Individual car records of gasoline mileage are of prime im 
portance. It provides a means of natural supervision, and the 
driver who is careless soon realizes that he will be questioned 
about his poor driving habits. 

There has been considerable discussion about tire records, 
the results of which I referred to under tire maintenance. 
Many operators consider these records too expensive to main- 
tain. Let me say in passing that one of our companies was 
able, through its tire records, to get a substantial adjustment 
from one of the large tire companies, and this adjustment 
more than paid the cost of the record for the past five years. 
Probably the best recommendation is that, if you now have a 
tire record, keep it. If you do not, make a careful study of 
the costs before starting it. 


Operating Costs Trends 


In order to demonstrate a few pertinent facts relative to 
operation some actual results are presented. Fig. 1 shows the 
actual costs of a large utility fleet. The gasoline mileage trend 
is of unusual interest as it reflects the change to modern cars. 
It is to be noted that the best mileage was obtained when this 
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fleet consisted of Model A Ford cars and there was a loss of 2 
mpg with the advent of the V-8 which has never been recov- 
ered. Operating conditions contribute to this unusual result 
but what can the operator do about it other than to ask the 
manufacturer to reduce the performance? Increased power 
and ability work to a disadvantage in this fleet operating in 
a metropolitan area, due to the traffic and grades. 

This chart provides an excellent example of the utilization 
of the passenger cars and ¥,-ton trucks which have increased 
steadily while the large trucks have decreased accordingly. 
Decreased body weights and increased capacity of the small 
trucks have made it possible to use them for the same payload 
as formerly was carried on the 14-ton or 2-ton trucks. Large 
crews have been reduced and, in some cases, two small trucks 
have been purchased to replace one of the older larger ones. 

Fig. 2 shows the same data for a similar size fleet operating 
in urban areas in the Midwest. In this case the difference in 
operating conditions has made it possible to keep the gasoline 
economy on the increase with the change in type of vehicle. 
One particularly large contributing factor to the improvements 
in this company is the improvement of all roads. Many secon- 
dary roads were wholly unimproved ten years ago, and since 
have been paved or, at least, gravel has been added. Many 
miles of poor roads are still in existence which are used regu 
larly by vehicles in this fleet. 

In both of these fleets which provide a good cross-section of 
fleet operation, it is to be noted that the depression was instru- 
mental in producing the lowest operating costs. Increased 
labor rates and material costs, as well as increases in the prices 
of vehicles, have contributed to the increases since 1933. The 
increases in costs, however, have been kept to a minimum by 
good fleet management in both cases. 


Improvement in Design 


In order to present a picture of the dollar value of the pres- 
ent-day car in this class, the Ford Motor Co. has prepared a 
statement showing the improvements to its car during the 
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past few years. All of these items are included in the standard 
price, and the list has been included to demonstrate the 
progress in the industry: 


Recent Ford Improvements 


All-steel body with baked-enamel finish and safety glass all around. 

Longer and wider chassis; springs with inner-leaf spring lubrication. 
Length of front springs increased from 31 1/16 to 40% in.; rear, from 
44% to 46% in.; width of front increased from 1% to 2 in. 

Improved generator with two-pole system for all models. 

Increased engine output (from 75 to 85 hp). 

Increased torque in truck engines. 

Introduction of 60-hp engine as an option. 

Increased truck options. 

Introduction of valve-seat inserts. 

Battery amp-hr rating increased from 80 to 100 amp-hr. 

Brake-drum material changed from steel to cast-alloy iron. 

Addition of semi-centrifugal clutch. 

Change of material and increase in size of crankshaft. 

Babbitt connecting-rod bearings replaced by alloy. 

Development of cast-steel pistons. 

Change from semi-thermosyphon to pressure water circulation. 

Steering ratio changed from 13.1 to 18.2. 

Tire size increased from 5.50 to 6 in. and standardized on most small 
models. 

Crankcase ventilation. 

Hydraulic brakes. 

Weight of Standard Fordor increased from 2413 to 2747 lb. 


These are only a few of the more important changes in one 
make since 1932. What has the operator done to keep up 
with these improvements? I doubt that most of us have 
changed our maintenance routine to match the changes in 
design. 


1939 Economy Models 


A reliable and independent survey of the 1939 models 
which, of course, are almost out of date now, showed very 
little improvement as far as economy is concerned. During the 
last few years the development of increased compression ratio, 
reduced bearing clearances, and so on, has increased the opera- 
tors’ problem of economical operation; 1939 is no exception, 
and I am advised by several engineers that 1940 will be worse 
in some respects. 

Of course, the outstanding improvement was the Ford hy- 
draulic brakes. It only took ten years to prove the value of 
this type over the mechanical type, but since it is here the Ford 
followers are most happy. During this interim many hun- 
dreds of dollars have been wasted by fleet operators in futile 
attempts to adjust these mechanical brakes. In passing may I 
add that this particular hydraulic brake is now one of the 
best on any car. 

Experience in heavy-duty truck equipment has shown that, 
if the engine is overloaded, its efficiency and economy are 
reduced. Why does not the same principle apply to the small 
car and %4-ton truck? As a matter of fact I think it does. 
The 60-hp Ford has proved quite unsatisfactory in many lo- 
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Fig. 3-— Effects of fast driving on gasoline mileage 


calities; yet the 85-hp job is too large, providing too much 
power. As an outstanding example, I wish to cite the opera- 
tion of 15 60-hp Ford coupes and 15 85-hp models in the 
same service, in a city which is quite hilly, in which case the 
cost of the 60-hp units is 5 mills per mile higher than the 
85-hp cars. Poor accelerating ability and the high motor 
speed necessary for maximum torque are the prime con- 
tributing factors to this result. In my opinion the economy 
desired could have been obtained with a motor of approxi- 
mately 20 cu in. more displacement than that of the 60-hp 
Ford; yet the performance would not have been curtailed to 
the extent that it is dangerous in heavy traffic. The motor 
would not be overloaded to the extent that its efficiency is 
reduced to a point lower than the 85-hp motor. 

I thoroughly disagree with the attempts of Chevrolet and 
Plymouth to reach an ultimate in economy. Experience in 
bus operation indicates that the economy is proportional to 
the weight, regardless of the design. I use this comparison 
because of the controlled operating conditions which provide 
a good comparison. It seems logical to assume, therefore, that 
the economy which has been realized is due to forcing the 
driver to operate the car at reasonable speed and acceleration. 
Tests conducted by one of our operating companies indicate 
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just what can be done in regulating speed and particularly 
acceleration. The results are so outstanding that I have in 
cluded them in this paper. Figs. 3 and 4 indicate the results 
of fast driving and acceleration on gasoline mileage and a 
brief description of the tests follow: 

Fig. 3 shows the effect of high-speed operation on gasoline 
mileage. These data were obtained on a 1935 V-8 85-hp 
coach. The tests were made with a standard mileage tester, 
and all tests were made at constant speed. Note the drop in 
mileage at speeds above 55 mph resulting from the opening 
of the power jet in the carburetor. 

Fig. 4 shows the results obtained and the savings possible 
by developing economical driving habits. The tests were con 
ducted in the following manner: 

A. Low gear accelerate gradually to 7 mph. Second gear 
accelerate gradually to 14 mph. High gear accelerate gradually 
to 25 mph. Brake used as little as possible. 
as brake making a gradual smooth stop. 

B. Low gear as in Test A. Second gear as in Test A. High 
gear accelerate fast to 25 mph. Brake as in Test A. 

C. Low gear as in Test A. Second gear as in Test A. High 
gear accelerate fast to 25 mph. Brake used Aard. Speed kept 
at 25 mph until brakes had to be applied to make stop. 

D. Low gear accelerate fast to 14 mph. 
celerate fast to 25 mph. 
Brake Aard to stop. 


Let engine act 


Second gear ac 
High gear speed held to 25 mph. 


These tests were made on a straight course with a stake 
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Fig. 5—This Plymouth coupe has been utilized for work for- 
merly requiring a '/2-ton truck with a special body 


each 1/10 mile. A complete stop was made at each stake. 
Maximum speed was held to 25 mph. 

The difference in time required to drive a mile in Test A 
and Test D was only § sec. 

From the tests will be seen the advisability, both for the 
company and for the personal car, of improving driving habits. 
Note particularly the small amount of time saved by hurrying. 

What then should the operators demand for future econ 
omy? Here are a few suggestions: 

1. Reduced vehicle weight. 

2. Reduced engine size keeping the horsepower versus 
weight ratio high enough for good engine efficiency. 

3. Improved carburetion. 

4. Improved ignition. 


Reduced weight should be simple with high-tensile steel 
and aluminum alloys. Reducing the vehicle weight will per 
mit reduced engine size, but it should not be obtained by 
using the same block with smaller bore and shorter stroke. 
A reduction in the weight of the engine is also advisable and 
necessary. As regards carburetion and ignition, it is my opinion 
that vast improvements will be made in the next few years. 
It is hoped sincerely that this improvement will reduce the 
need of some of the specialized maintenance equipment and 
highly trained maintenance personnel. 

One of the independent manufacturers recently has an- 
nounced a car which is supposed to provide the economy, 
performance, durability, and so on, which will answer the 
operators’ problem. It has not been on the market long enough 
for the operators to determine the results but, regardless of 
the future of this car, it seems to me that the theory is cor- 
rect. Furthermore, it was my pleasure to hear the president 
of this company talk about economy of operation. Perhaps 
this is the start of a new trend of thought in the minds of 
the executives of the automobile manufacturers. 


So. 


Let us hope 


Interesting Uses of Vehicles 


Fig. 5 shows the utilization of a Plymouth coupe for work 
formerly requiring a '4-ton truck with a special body. In this 
particular state there is a wide difference between the license 
fees of a coupe and a pickup truck. The company’s transpor- 
tation department together with the manufacturers worked 
out the design of the meter boxes for the gas distribution 
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department. Sufficient tools and material can be carried for 
the one or two-man crew as the case may be. As in most 
metropolitan cities, trucks are not permitted on the boule- 
vards, thus forcing the car formerly used for this work into 
congested traffic and bad streets. All of these factors have 
contributed to the increased efficiency of the coupe over its 
predecessor. Fred Heinlein, of the Cincinnati Gas and Elec- 
tric Co. has prepared a comparison of the costs of the two 
vehicles which clearly indicates the economies of the change: 


Cost Annual 

Mpg per Mile License Fees 
Y,-Ton Truck 12.0 $0.057 $23.99 
Coupe 18.3 $0.043 $ 7.00 


Total saving per year by using the coupe instead of the 
Y,-ton truck is $240.90. Mileage reduction, due to the fact 
that the coupe can use the boulevards, is 1800 miles annually 
per car. 

Mr. Heinlein points out that this type of unit can be used 
by gas inspectors, electric-meter testers, rural gas-meter in- 
stallers, district foremen, appliance repair men, furnace re- 
pairmen, and many others. 

Fig. 6 shows two views of a special meter-testing truck, 
recently designed by the San Diego Consolidated Gas and 








Fig. 6—Two views of a special meter-testing truck recently 
designed by the San Diego Consolidated Gas and Electric 
Co. 
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Fig. 7—This derrick and winch installation on an ordinary 
pickup truck is utilized for setting new poles and making re- 
placements in a large rural area 


Electric Co. Following are some excerpts from an article 
prepared by the transportation department of that company, 
describing this unit: 


“When it became desirable for the company to expand its meter- 
testing program, it was found necessary to develop something special in a 
transportation unit to carry on the work. All regular complaint and 
power testing always has been accomplished by a one or two-man crew 
operating coupe automobiles in which the minimum of tools, testing 
equipment, and repair materials could be carried. The new supplemental 
schedule called for a larger crew and a transportation unit capable of 
becoming in effect a traveling workshop and headquarters. The Inter- 
national 6-cyl Stordor delivery, with the unit Metro panel-type body, was 
selected as a suitable truck for this work. Its comparatively light weight 
(4000 lb unladen), flexibility in traffic (113-in. wheelbase), overall length 
of 16 ft, and overall width of 7 ft 10 in., made it particularly adaptable in 
large cities. Completely loaded with materials, tools, and crew, the truck 
weighs 5970 lb. 

“Inside the van section, on the left side just back of the driver's seat, is 
a steel storage-bin section 2 ft 9 in. long by 11 in. deep by 4 ft 9 in. 
high, divided into six major bins and compartments of various sizes, 
some of which are divided still further into. smaller compartments for 


small repair parts, in which are carried test meters and instruments such 
as rotating standards, phantom loads, meter registers and some repair 
parts. Flanking this section at the front and back is a hook secured to 
the panel uprights on each of which are hung two 4-ft step ladders.” 


Derrick and Winch Installation 


Fig. 7 shows an experiment for rural electric distribution 
maintenance and construction. Many times during the year 
the maintenance man located in the small town and respon 
sible for the maintenance of the plant in a large rural area is 
called upon to set new poles and make replacements. Con 
sequently, the Oklahoma Gas & Electric Co. designed this 
derrick and winch installation on an ordinary pickup truck. 
There are a few interesting features. First, it requires several 
changes to make a power-take-off installation on a pickup 
equipped with a four-speed transmission. Next the power 
winch provides the driver with too much power resulting in 
bent derricks and general destruction of the chassis. 
recommendation that 


It is our 
future cars for this work should be 
equipped with a hand winch. This arrangement will provide 
the necessary tools and reduce the first cost as well as the 
maintenance. 

Fig. 8 shows two views of the utilization of a standard 
sedan delivery for use in the electric distribution maintenance 
department of the Northern States Power Co. The special 
boxes and racks installed in the body are inexpensive and 
easily removed when the car is sold, thus providing a com 
plete unit to trade in for higher salvage. Many companies 
use similar vehicles for maintenance crews. 

Fig. g is an attempt to reduce the operating costs, satisfy 
the management by reducing the investment, and satisfy the 
driver by giving him a new car. We have accomplished the 
first two of these objectives but, in most cases, the drivers 
have expressed a preference for their old car when they were 
informed that the new Willys was for their exclusive use. In 
Louisville, there was needed the shortest car available because 
of the necessity of parking in congested areas. The car would 
make from go to 150 stops per day, and an improvement in 
economy was desirable as the regular cars were very inefficient 
for this type of work. Gasoline mileage averaged about 10 
mpg on the vehicles formerly assigned to this service. The 
average on the Willys is 20 mpg for the first 7500 miles, and 
this improvement will offset many of the disadvantages. Driv 





Fig. 8- Two views of the utilization of a standard sedan delivery truck for use in the electric distribution maintenance depart- 
ment of the Northern States Power Co. 
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ers complained about the ride, the vibration, and the accelera- 
tion, but they certainly rode better than the standard Ply- 
mouths, Chevrolets, and Fords which they replaced. It appears 
now that there will be a saving of at least 1¢ per mile in the 
operating costs of these cars as compared to the full-sized 
regular standard cars. The low trade-in which probably will 
be realized may offset some of the advantages because of the 
radical changes this manufacturer makes in body design. As 
a matter of passing interest, note the blind spot caused by the 
lack of side windows in the coupe. This item was supposed 
to be corrected by all manufacturers at least four years ago. 


Leased Cars 


A discussion of the economics of small cars would not be 
complete without some consideration of the leased-car prob- 
lem. In general we have three types of leased cars: 

1. Employee-owned leased cars. 

2. “Driv-Ur-Self” leased cars. 


3. Small trucks leased from individuals or dealers. 





Fig. 9 - Willys-Overland, purchased to reduce operating and 
first costs, probably will save at least I¢ per mile as com- 
pared with the full-sized cars formerly used 


Employee-owned leased cars present many prob!ems. These 
problems have increased considerably during the last few years 
of labor unrest until, at the present time, it appears that utility 
companies would do better without this type of lease. This 
type of lease was designed originally to supply transportation 
requiring little mileage or where it was advisable to have a 
car at the employee’s home or both. The compensation usually 
was at a predetermined rate per mile regardless of the miles 
run. 

Fig. 10 shows the increase in leased-car mileage in our 
properties together with the cost per mile of this service. The 
cost is about the same as the total cost of company owned 
vehicles of this type. Changes which have been made recently 
in the rates will reduce the cost per mile during this year. 

The number of leases increased during the years of 1933 
and 1936 until it was necessary to make some changes. It 
developed that the original demands for many of the cars had 
changed, and the mileage per month increased to such an 
extent that it was unprofitable to rent the car and it should, 
therefore, be company-owned. Employees who had leases 
really had increased pay checks, and therefore any changes 
were very unpopular. Of course, somebody always ruins a 
good thing, and this was no exception. Many of the drivers 
would report no personal mileage for the month, and the 
company would therefore pay for all of the mileage driven. 
This situation provided the transportation department with 
the necessary wedge, and changes were made. To indicate 
the variance of opinion, the following changes were made in 
our properties, each change representing one operating com- 
pany: 
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Fig. 10-Employee-owned leased-car costs and the increase 
in leased-car mileage are shown 


1. All contracts were cancelled and the most important ones 
were renewed at 4%4¢ per mile for the first 500 miles ana 
2¢ per mile for excess mileage monthly. Insurance is paid by 
the company. 

2. Five cents per mile plus insurance was changed to 5¢ 
for 200, 4¢ for 800, and 3¢ for all over 1000 miles per month. 
Insurance is paid by employee. 

3. Five cents per mile plus insurance was reduced to 4%¢ 
for 500 miles, and 2'4¢ for all over in one month. Insurance 
is paid by company. 

4. Five cents per mile for 500 miles and 4¢ for excess plus 
insurance not changed. 

5. Six cents per mile for 500 miles and 5¢ for excess plus 
insurance to be changed to 5¢, 4¢, and 3¢, in Item 2 


<- 


These variations indicate the difficulty of arriving at stand- 
ard rates or of developing a method of arriving at such rates. 
It seems to me that the company should not pay more of the 
fixed expenses than its proportionate share of the mileage, but 
never less than half, this amount plus the operating costs in 
the particular area determining the proper rate. Company 
costs have very little bearing, except as they may be used to 
establish low rates. 

In most of our companies we find it profitable to own the 
car when the monthly mileage is over 800 miles per month. 

Another important point is to make provision for a review 
of rates at least once each year. The departments also should 
review the work done with the possibility of eliminating the 
lease. 

The “Driv-Ur-Self” contracts are more simple to administer. 
These cars are used in larger cities to provide for unforeseen 
mileage and emergencies. Satisfactory contracts can be made 
with several companies at very attractive rates. 

It is difficult to lease the small trucks. Agencies do not fur- 
nish them regularly, and it is therefore necessary to lease most 
of them from individuals. There have been some instances in 
which the truck has been leased from a dealer, and the rental 
applied toward the purchase of the car. Although there may 
be many objections to this plan, it does work very well, par- 
ticularly when budgets are at a minimum. 
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Tire Behavior in Steering 


By A. W. Bull 


United States Rubber Co. 


i ee BULL emphasizes the vital role that tires 
play in car stability, not only because they 
provide the final connecting link between car and 
ground forces, but also because they have in- 
herent properties which are indispensable to safe 
and smooth steering control. Stability, however, 
is a relative matter, he explains, as the skill and 
experience of the driver enter into the problem 
to a very considerable degree. Although the fac- 
tors in car or chassis design which affect stability 
are numerous and complex, this discussion deals 
only with that portion of the problem which re- 
lates to the behavior of tires under the different 
conditions to which they are subjected. 


That stability is far from uniform among tires 
of different manufacture, and that speed has very 
little effect on cornering force under practically 
all conditions, are two of the conclusions reported 
from experiments made on a test machine built 
especially for studying the behavior of tires under 
a wide range of conditions. Data and charts to 
show the important relationships between slip 
angle, cornering force, load, inflation, self-align- 
ing torque, and camber thrust are presented. Re- 
sults of work on the application of driving and 
braking torque, and on the effect of slip angle on 
the power consumption of tires, also are revealed. 


In conclusion, Dr. Bull stresses the point made 
by other workers in the field — that stability is but 
one of the factors in tire quality and that, al- 
though it can be increased, the gain usually is at 
the expense of other desirable properties. 


Nx many years ago the principal objective of the 


American automotive engineer was to provide de- 

pendable transportation. That objective has been 
attained. Today this transportation must not only be com- 
pletely dependable; it must also be swift, comfortable, and 
safe. As operating speeds have increased and as riding quality 
has been improved steadily, the problems of stability and con- 
trol have been intensified. 


Stability is a relative matter. It is difficult to define in abso- 


{This paper was presented at the World Automotive Engineering Con- 
gress of the Society, New York, N. Y., May 23, 1939.] 

1 See SAE Transactions, Vol. 30, February, 1935. pp. 41-49: “Properties 
of Tires Affecting Riding, Steering, and Handling,” by R. D. Evans. 

2See Journal of the Institution of Automobile Engineers, Vol. VII, 
November, 1938, pp. 57-94: “Tyre Requirements for Modern Transport,” 
by C. D. Law. 
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lute units. To a very considerable degree the skill and experi- 
ence of the driver enter into the problem. A relatively un 
stable car in the hands of a skilled driver who has had experi- 
ence with that particular car may give a good performance 
under ordinary driving conditions. 

In fact, in changing from a car having one level of stability 
to another car having a different stability, whether higher or 
lower, the driver may feel that the new car has undesirable 
characteristics for the first few days. The situation is some- 
what similar to a change in steering-gear ratio where famili 
arity with a particular ratio may have a greater influence than 
the absolute value of the ratio. 

The factors in car or chassis design which affect stability are 
numerous and complex. This discussion will deal only with 
that portion of the problem which relates to the behavior of 
tires under the different conditions to which they are sub 
jected. Tires play a vital role in stability, not only because they 
provide the final connecting link between car and ground 
forces, but also because they have inherent properties which 
are indispensable to safe and smooth steering control. 

In a paper presented before this Society in January, 1935,' 
R. D. Evans discussed the properties of tires affecting riding, 
steering, and handling and gave data for most of the variables 
involved. His paper represented pioneer work of great impor 
tance and scope, and I take this occasion to express our appre 
ciation of that work. Another such paper by C. D. Law was 
published in the JAE Journal, November, 1938." 

Before beginning a discussion of the machine which we 
have used for our experiments, it seems desirable to define 
clearly the terms which will be used in describing the various 
phases of tire stability. Fig. 1 is a plan view of a tire which is 


being steered along a path OA. Because of lateral forces, such 
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as centrifugal force, applied at C, the actual path of travel is 
not along OA but along OB. The angle (a) produced by AO 
and OB has been called drift angle or slip angle. If we are 
dealing with an equilibrium condition, it is obvious that the 
side thrust C is being balanced by an opposing force D. This 
force which is developed by the tire when it is compelled to 
travel in a direction differing from that in which it is being 
steered, is called cornering force. As the angle (a) is in- 
creased, this cornering force also increases but not in direct 
proportion. The cornering force per degree of slip angle is 
called cornering power and it is a direct measurement of the 
relative stability of different tires in negotiating turns. Be 
cause cornering force is not directly proportional to slip angle, 
it is necessary that cornering power be calculated at a constant 
slip angle, and 3 deg is used as this standard angle. To com- 
pare tires of different size or with different vertical loads, the 
term cornering coefficient has been used to show cornering 
power per unit of vertical load. 

When a tire is operated at a slip angle, forces are developed 
which tend to reduce this slip angle. The tire attempts to 




















Fig. 2— Diagrammatic arrangement of test machine 


straighten its path by rotating in the direction S. The torque 
thus produced on the steering arm is called self-aligning 
torque. Since this torque has a considerable effect on the 
steering behavior of the car, it is desirable to measure this 
force. 

When wheels are cambered, as shown in Fig. 1, a side 
thrust also is developed since the tire will try to follow a 
circular path with radius XY. The side thrust due to camber 
is called camber thrust. 

We may also have a tilting of the kingpin to produce caster, 
and a caster angle (C). 

Before considering the details of the machine which was 
designed and built specifically for this problem, it is desirable 
to review the factors which should be controlled and mea- 
sured. These are shown in Table 1. 

Fig. 2 is a diagrammatic arrangement of the test machine. 
A steel test wheel (4) 67.23 in. in diameter and 12 in. wide 
serves as the moving test surface. This wheel is driven by a 
variable-speed dynamometer (B) with scale (D) for measur- 
ing torque and tachometer (C). The wheel speed is read on 
a separate tachometer (EF). The tire (F) rests directly on the 
surface of the test wheel with its axis directly over the axis of 
the test wheel. A steering angle is applied by movement of 
the steering arm (G) and the self-aligning torque is measured 
by the reaction of the steering arm on a suitable hydraulic 
piston, the pressure being shown on gage (H). A camber 
adjustment is provided at (/). 

The tire axle and assembly are free to move back and forth 
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Table 1~— Factors to be Controlled and Measured on Stability 


Test Machine 
Vertical Tire Load 
Inflation Pressure 
Slip Angle 
Camber Angle 


Caster Angle 
Speed 

Driving Torque 
Braking Torque 


of the Above Conditions We Need to 
Measure: 

Cornering Force 

Self Aligning Torque 

Power Consumed by the Tire 


Under a Given Set 


in a horizontal plane, one end supported by the tire and the 
other by the wheels (L) which move on a track adjusted to 
the desired level by a jack (M). The horizontal movement is 
restricted by stops (R) to prevent the tire from running off 
the wheel. Movement in a plane perpendicular to the dia- 
gram is prevented by ball-bearing thrust plates (K). The 
vertical load on the tire is regulated by the weights (N). The 
cornering force developed by the tire is balanced by the 
weights at (O). All of the adjustments can be made while 
the machine is in operation. 

In order to determine the effect of driving and braking 
torques on tire behavior, a second dynamometer was added at 
(P). Both dynamometer (P) and dynamometer (B) can be 
operated either as motors or electric brakes. It is therefore 
possible to have (P) driving the tire against a braking force 
applied to the wheel by dynamometer (B) or to have dyna- 
mometer (B) drive the tire against a braking force applied by 
dynamometer (P). We can, therefore, measure tire behavior 
under a considerable range in driving or braking torques. 

An adjustment is provided at (S) to change caster, but all 
results in this paper are for zero caster and also for zero 
kingpin inclination and zero offset. 

The small angles which are involved have to be measured 
accurately. To do this measurement and also to avoid errors 
due to distortion in the axle or any other part of the system, 
angles were measured by the reflection of a light beam. A 
projection lantern (T) sends a sharply focused pair of crossed 
lines through the screen (V) to a mirror mounted on the hub 
(U). The beam is reflected to the screen (V) which is cali- 
brated to permit the direct reading of camber angles and slip 
angles. 

Fig. 3 shows two views of the machine in which the parts 
just described can be identified. The lower tire and mounting 
in the left-hand view are not a part of the stability-testing 
equipment. Fig. 4 shows the screen on which the light beam 
is reflected. Each of the heavy division lines represents 1 deg. 
The dark crossed lines shown in the photograph represent the 
crossed lines of light actually obtained, and correspond to a 
1¥, deg slip angle and % deg of camber. 

Fig. 5 is a close-up of the tire in which the steering-arm and 
self-aligning torque mechanism are shown more clearly. The 
tire is distorted severely under the conditions shown in the 
picture. 

Fig. 6 shows the relation between cornering force and slip 
angle for three different conditions. In the curve for the tire 
on the dry steel wheel, we find the cornering force increasing 
in almost direct proportion to the slip angle to about 4 deg, 
after which increasing angle has a diminishing effect. The 
section of this curve up to 3 deg is the portion used to 
compute cornering power. The point at which the line begins 
to curve more sharply is determined by the coefficient of 
friction between the tire and the wheel surface. This point is 
shown in the other two curves, one of which is for an alun- 
dum surface similar to emery cloth while the lower one is for 
a wet steel surface. When the wheel is wet, the curve begins 
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Fig. 3—Two views of test apparatus 


Fig. 4—Each of the heavy di- 

vision lines on the screen on 

which the light beam is re- 
flected represents | deg 


to bend at a much lower cornering force, and the maximum 
cornering force is obtained at relatively low steering angles. 
It is of interest to note that the alundum surface is only little 
more effective than the dry steel. Most of our results are on 
the dry steel wheel with occasional checks on other surfaces. 

The proportionality between slip angle and cornering force 
does not hold rigidly for all tires. A number of cases have 
been found in which curves for different tires cross each other, 
especially at very small steering angles, but these deviations 
are small. 

In Fig. 7 the unique behavior of the pneumatic tire is com- 
pared with that of a steel disc, and with a rubber-covered steel 
wheel. The steel disc was 28% in. in diameter and *% in. 
thick. The rubber-covered steel wheel was 28% in. in diam- 
eter and 4% in. wide, the rubber layer being 4 in. thick. 
Comparing the pneumatic tire and the steel disc, the cornering 
power of the disc at very low angles is much greater than that 
of the tire, and it develops maximum cornering force at a 
much lower angle. On the tire the cornering force builds up 
‘smoothly and more slowly. The final value is higher than for 
the steel wheel because of a greater coefficient of friction and 
a longer contact area. Ignoring everything but the steering 
characteristics, it seems probable that a vehicle could be oper- 
ated on steel discs instead of tires but the cornering force 
changes so rapidly with small angle changes that the vehicle 
would be very difficult to control except at very slow speeds. 

The steel wheel with rubber cover is of interest because it is 
an example of a relatively inflexible structure with a very 














Fig. 5— Under the conditions shown in this close-up of the 
tire, steering-arm and self-aligning torque mechanism, the 
tire is distorted severely 
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EFFECT OF SURFACE CONDITION ON CORNERING FORCE 
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limited contact area. This short contact area is presumably 
the reason why it fails to equal the tire in maximum cornering 
force. 

Still considering only the relationship between slip angles 
and cornering force, it is of interest to examine a series of 
tires of the same size but of different construction to deter 
mine the range in cornering power among standard tires. 
Forty-five 5.50-17, 4-ply standard tires of different designs and 
from different manufacturers were compared under the sim 
ilar conditions shown in Fig. 8. Results have been plotted for 
the tires with highest stability and lowest stability and also for 
two tires of intermediate stability. The differences are rather 
surprising, for the tire of highest stability has 36% more 
cornering power than the tire of lowest stability. 

In the right half of Fig. 8 a distribution curve is shown for 
cornering force at 3-deg slip angle for this group of tires. 

It can be concluded from this experiment that stability is 
far from uniform among tires of different manufacture. 

In Fig. 9 cornering force is plotted against slip angle for 
tires of different size but of the same manufacture. The tests 
were made at the standard loads and inflations of the Tire & 
Rim Association. 

Although the cornering force increases as the size is in 
creased, it should be understood that the amount of cornering 
force required from these tires also varies with the size of the 
tire. The larger tires will be used on heavier vehicles in which 
greater absolute cornering force will be required to maintain 
the same relative degree of stability. A fair comparison may 
be made in terms of their cornering coefficients, which is 
cornering power per unit of vertical load. This comparison is 
made in Fig. 1o. 

Again considering a single size it is of interest to compare 
the cornering force when the tire is operated at different 
vertical loads. A series of results at 3-deg slip angle is shown 
in Fig. rr. Maximum cornering force is obtained in the region 
of standard loads. Either overload or underload gives lower 
cornering force. This condition is of great importance in car 
behavior because, in going around a turn, the transfer of 
weight to the outside wheels overloads the outside tires whil 
the load on the inside tires is below normal. Instead of a 
compensating effect, both changes reduce cornering force. This 
action is of increasing importance as the radius of the turn is 


Table 2—Camber Thrust-— Table of Calculated and Observed 
Values of Combined Slip Angle and Camber Angle 


0-Deg Camber 0-Deg Slip Angle 
Slip Angle Cornering Camber Cornering 
Varied, deg Force, lb Angle, deg Force, lb 

] 118 +3 18 

2 228 6 103 

3 332 +9 153 

4 426 3 63 

6 —113 


Combinations 


Slip Camber Cornering Force, lb 
Angle, deg Angle, deg Calculated Observed 
] +3 166 163 
1 +6 221 219 
] r9 271 273 
] —3 55 49 
] —6 5 —4 
4 +6 529 525 
4 —6 313 309 


Size — 6.50-16/4 

Load — 1050 Ib 

Inflation — 28 lb per sq in. 
Rim - 4.50 E 


Speed -29 mph 
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Fig. 18 — Arrangement used for determining the various rela- 
tionships for a flat surface 


shortened or as speed is increased, resulting in greater load 
transfer. 

Increasing inflation pressure increases cornering force. This 
relation is shown for 3-deg slip angle in Fig. 12. Since higher 
inflation pressures usually mean harder ride, this factor is a 
good illustration of the need for compromise between ride and 
stability. The trend in recent years toward lower and lower 
inflations in order to improve ride is an important factor in 
car stability. 

It may be of interest to make a further comparison of load, 
inflation, and cornering force. In this case both load and 
inflation have been changed, but the deflection of the tire is 
constant. The results are shown in Fig. 13. Under these con- 
ditions, cornering force increases as load and inflation are 
increased, but the cornering coefficients decrease. 

Speed has very little effect on cornering force under practi- 
cally all conditions. 

The camber thrust developed by a cambered wheel is of 
much lower magnitude than the cornering force if the com- 
parison is between equal degrees of camber and slip angle. 
The direction of camber thrust is independent of the direction 
of rotation of the tire. Camber thrust and cornering force are 
substantially independent forces and the resultant side thrust 
for any combination of camber and slip angle can be calcu- 
lated from the algebraic sum of the two forces. This result is 
shown in Table 2. The calculated side thrust for various com- 
binations of camber and slip angle are in good agreement 
with the values observed for these combinations. 

When driving or braking torque is applied to a tire, there 
is a definite but rather small effect on the cornering force. 
Rather contrary to our expectations, the cornering force at a 
constant slip angle decreases when the tire is exerting a driv- 
ing torque and increases when the tire is exerting a braking 
torque. Results for a typical case are shown in Fig. 14. It 
should be noted that, in all the previous tests in which no 
mention of driving or braking torque was made, the rolling 
resistance of the tire is acting as a small braking torque. This 
factor varies with speed, load, inflation, and slip angle but, 
since it is usually small and since even 10 hp has only a slight 
effect, the correction is negligible. 

Self-aligning torque has been discussed previously. It has 
an important bearing on car behavior because it is tending 
constantly to reduce steering angles thereby increasing the 
understeering characteristics of the car. Fig. 15 shows self- 
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aligning torque values for a series of loads and slip angles. In 
these and all other curves unless otherwise stated, the camber, 
caster, kingpin inclination and offset were zero. Fig. 16 shows 
a similar series for varying inflation pressures. 

Driving and braking torques also affect self-aligning torque 
as shown in Fig. 17. Braking torque decreases self-aligning 
torque while driving torque increases it. 

In all of the work which has been described up to this point 
the test surface has been the curved face of the test wheel. 
Although the wheel is quite large (67.23 in. in diameter), the 
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portion in contact with the tire at any instant is not a flat sur- 
face. It was, therefore, desirable that some means be found to 
determine the possible error of using a curved surface to simu- 
late the highway. Since neither cornering force nor self-align- 
ing torque is appreciably affected by the speed of the wheel, a 
comparison at slow speed would be satisfactory. Fig. 18 shows 
an arrangement by which the point can be tested. The tire 
and beam mechanism is raised sufficiently to permit a wooden 
plank covered with alundum cloth to be inserted between the 
tire and the test wheel. Small pulleys support the ends of the 
plank and keep it in line. By starting at one end of the plank 
and allowing it to move slowly under the tire the relationship 
between slip angle and cornering force and between slip angle 
and self-aligning torque can be redetermined using a flat sur- 
face. Comparative data for the curved and flat surfaces are 
shown on Fig. 19. Data for a curved alundum surface also 
are included. The cornering force on the flat surface is some- 
what higher, although the difference is not large. This differ- 
ence is shown as percentage error for each degree of slip angle 
in the figures at the right of the curves. 

The self-aligning torque was found to be equal on the 
curved and flat surfaces. 

The largest discrepancy was found in camber thrust. The 
curved surface shows decidedly lower camber thrust than that 
found on the flat surface. Data are shown in Fig. 20. Al- 
though the percentage error in using the curved surface is 
high in the case of camber thrust, it should be borne in mind 
that camber thrust is small in comparison with cornering 
force. 

Another point which seemed to us of some interest was 
whether cornering force at a given slip angle would be main- 
tained if the wheel surface were made sufficiently irregular to 
cause rapid jouncing movement in the tire, similar to that on 
a fairly rough road. Nine '%-in. cleats were welded on the 


European Streamlining 


E shall now examine what near future development 
must be: 

1. We must diminish the buying cost (selling price plus 
taxes). 

2. We must provide for the smallest possible running cost 
without any concessions to quality but to the contrary. 

First of all, the weight is to be considered. This factor is 
very important, because it acts directly on price, on running 
cost, and on quality by its relation to pick-up and hill-climbing. 

Then all solutions able to diminish the weight without 
extra cost are to be considered first. Design, materials, man- 
ner and means of production — all this must be joined to attain 
the final result. ’ 

Second: running cost. 

a. Producing the energy. 

Motors still have to be improved, especially at low load and 
mean utilization load. Many ideas are now worked out to 
that end. 

b. Getting the energy at low cost, we have to use as 
little as possible for a given transportation problem. 

The two main factors of waste of energy are air resistance 
and rolling resistance. 

Concerning air resistance, substantial progress has been 
achieved these last years, and we can say that we are masters 
of a now solved question, as recent demonstrations have 
proved. 

We have designed and tested cars whose air resistance is 
but one-tenth of that of the modern car now produced. 

Rolling resistance depends on two chief factors: tire pressure 


surface of the test wheel to produce the desired irregularity. 
On this surface the tire showed considerable jouncing, but the 
cornering force for three different types of tires was reduced 
less than 3%, compared with the values on the smooth wheel. 

The last data to be considered are those for power con 
sumed by tires at different slip angles. Typical values are 
shown in Fig. 21. The horsepower required to rotate the tire 
goes up very rapidly with increasing slip angle and it also 
increases, of course, with speed. With a 5-deg slip angle an 
average front tire may be consuming more than 5 hp at 30 
mph. This fact helps to explain why the top speed of some 
cars is low when driven in a tight circle. 

In one of the first illustrations it was shown that standard 
tires of different makes or design vary widely in cornering 
power. Many factors in tire design or construction influence 
cornering quality. The width of tread, its profile and design 
are of importance. The deeper the antiskid, the poorer the 
cornering power and, for this reason, a worn tire will show 
higher stability than the same tire when it is new. Construc 
tion features also are involved, especially the angle of the cords 
in the tire. It is rather surprising that 6-ply tires show lower 
cornering force than 4-ply tires of the same size when run at 
the same load and inflation. Rim width is an additional 
variable. 

In concluding, we would like to reemphasize the point 
stressed by previous workers in this field: that stability is but 
one of the factors in tire quality and that, although it can be 
increased, the gain is usually at the expense of other desirable 
properties. It is the function of the tire engineer to know the 
factors which are involved and to recommend tires which 
represent the most favorable compromise for all properties 
needed. The car engineer has the larger task of constantly 
improving the performance of his product, starting with all 
that the tire engineer can give him. 


Slashes Air Resistance 


and speed. It increases where tire pressure is small, and in 
creases very quickly with speed. 

This second factor, of course, we must maintain as long as 
we need speed. But we can act on the first one, in using 
rather higher pressures, as we did some years ago. , 

This statement implies improved suspensions to maintain 
present standards of comfort taking into account lighter cars. 

We thus come to a car which is now running and has been 
proved, which is a 4-5 seater roomy car. Its motor is a 2-1 
Citroén “11,” and all the parts are standard. 

Comparative tests at Monthlery gave the following figures: 

Fuel Consumption in Mpg 


Speed, mph Top Speeds 


30 50 7O gO 
5-seater 2.5-1 X a 2 81 mph 
4-seater 11-hp Citroén 39 24 CO*TS 65.4 mph 
Streamlined “new car” with 
t1-hp Citroén motor 4-5 
seats 53 49 39 27 93-5 mph 


Compared with the stock car fitted with the same motor, 
consumption is about half and increase of speed is 45%. 

The car itself, though using the same mechanical parts, is 
30 lighter. 

Excerpt from paper: “Modern European Light Cars,” by 
]. Andreau, consulting engineer, president of the Comite 
d'Etudes Economiques, SIA, presented at the World Automo 
tive Engineering Congress of the Society, New York, N. Y., 
May 23, 1939. 




















What Is New in Heat-Treatin 
Methods, Materials, Processes 


By Ernest F. Davis 


Warner Gear Division, Borg-Warner Corp. 


HE control of grain size has facilitated the 

development of new steels and modifications 
in heat-treating processes, Mr. Davis announces. 
His paper deals with modern progress in the steel 
mill, the employment of the Carbometer and Tur- 
bidimeter, lime-silica ratio and the newer deoxi- 
dizers employed to aid steel quality. The inter- 
nally heated immersion bath has been a distinct 
advancement in salt-bath hardening and enables 
longer pots to be practical, he explains. Dry 
cyaniding with ammonia gas may eventually obso- 
lete cyanides and activated baths, in the opinion 
of the author. Gas carburizing gradually is sup- 
planting box carburizing, he reports. and many 
large heat-treating units carburize, quench wash 
and temper mechanically. Also, a late gas car- 
burizing furnace eliminates the employment of a 
muffle. 


The principle of tube combustion or radiant 
heating, he relates, is being used extensively in 
atmosphere-controlled furnaces for sheet and 
strip annealing, furnaces for short-cycle malleable 
annealing, and other heat-treating applications. 
He prognosticates the future possibilities of in- 
duction hardening, and outlines the present status 
of its development. 


NYONE who has been concerned with the manufacture 
of products, the origin of design, or who has followed 
the profession of metallurgy for a number of years, 

cannot but be impressed with the rapidity of development 
during the last few decades. The growth of the motor-car 
industry, the demand for excellence of ordnance material 
during the late War, and the necessity for more durability of 
lighter sections in airplane construction no doubt have been 
the three major stimuli during this period. Contributory to 
this development we may include the automobile parts maker 
who has concentrated on specialization of products. By this 
classification we mean the spring manufacturer, the gear plant, 
the builder of auto bodies, the valve makers, and many other 
auxiliary industries which have made huge contributions 
toward the sum total of our automotive progress. 


[This paper was presented at the World Automotive Engineering Congress 
of the Society, Detroit, Mich., June 2, 1939.] 
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Steel is the paramount material of construction, for 20% of 
all American steel production is consumed by the motor-car 
industry. As it is of utmost interest to engineers all over the 
world, I first shall discuss some of the recent improvements in 
the steel mill for, in this initial source of material, is the 
crucible, both literally and figuratively, from which all our 
progress is born. 

An eminent metallurgist connected with a well-known steel 
plant once said that the making of steel will always be an art 
rather than a science and, although this statement is unques 
tionably true, yet the older methods of making steel by a 
definite formula of so much scrap, pig iron, limestone, and 
ore and following a standardized continuity of melting prac 
tice is being changed to precision melting and exact scientific 
control. Today extreme care is taken in every operation from 
the selection of raw material, ingot design, rolling tempera 
ture, and every step in the process of steel manufacture, and 
even after the finished rolling if cold-shearing properties are 
required, and magnaflux testing for pipes and seams if con 
signed for aviation purposes. 

For alloy steels the progress of the open-hearth heat is deter 
mined by observation of the slag which gives positive indica- 
tions of what is transpiring in the furnace. In present-day 
practice a definite lime-silica ratio is maintained. Primarily 
this is an economic means to prevent over-additions of raw 
materials such as ore, limestone, or pig iron, but it also pre 
vents the re-adsorption of sulfur and phosphorus in the bath. 

Formerly it was easy to determine electric-furnace from 
open-hearth steel by an analysis of the steel for sulfur and 
phosphorus and an examination for cleanliness. Today, so 
close is the quality of open-hearth steels made by alloy prac- 
tice in the leading steel mills, that it cannot be determined by 
these simple tests. It is not at all uncommon to obtain open- 
hearth products with sulfur below 0.025% and phosphorus 
below 0.015%. As a result, there has been a notable decline 
in the use of electric-furnace steels for production applications, 
except for aviation requirements, bearing steels, stainless and 
tool steels. 

Another scientific instrument, now in common use in the 
leading steel plants on the open-hearth floor, is the “Car- 
bometer” which enables carbon determinations to be made in 
3 to 6 min. It is said that over go of these instruments are 
being used in various steel plants. 

During the progress of the heat, a small amount of steel is 
ladled out and cast into a small-diameter rod having a sink 
head with much the appearance of a small funnel. The cast- 
ing is cooled and placed into the small opening of the Car 


bometer. The rod becomes the core of an electromagnet. The 
induced current is then measured by a galvanometer. The 
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~ carbon content of the steel affects the amount of current which 


can be transposed into percentage of carbon. It is thus pos- 
sible to keep continual checks on the oxidation of carbon 
down to about 0.10%. Only the final tests of the heat are 
sent to the laboratory. 

Another method is the determination of the FeO content of 
the heat just before tapping. This test is made by adding an 
excess of aluminum to a ladle sample and then determining 
the residual AlpO by analysis or a Turbidimeter. 

Of recent years there has been an increased trend toward 
the employment of fine-grained steels and a demand on the 
steel mills for grain control. Certain types are normally fine- 
grained, such as the chrome-vanadium steels, whereas others 
are normally coarse. But, to make the majority of the alloy 
steels coarse or fine-grained according to demand, is a recent 
accomplishment. Today either type may be made at will. 

The reason that fine-grained steels have become so popular 
is their ability to be hardened without undue brittleness but 
maintaining toughness and resiliency after hardening due to 
the shallow hardening properties. In gear steel, for example, 
the distortion has been found to be less than the coarser- 
grained steels; hence these steels are very popular in the gear 
industry. In the carburizing steels, direct quenching after 
carburizing is becoming more and more the standard practice. 
By this method of hardening, no further heat-treatment is 
given the steel except a low-temperature tempering after 
quenching. Modern steels do not coarsen at the carburizing 
heats, and no more heat distortion occurs than at lower heats, 
thus simplifying the hardening practice. Until the steel indus- 
try was able to insure grain size, such a practice would have 
been folly to attempt. 


Machining a Problem 


In both carbon and alloy steels of fine-grain microstructure, 
the problem of machining has been a difficult one where 
smoothly machined surfaces are a prerequisite, such as on gear 
teeth. To improve this condition, attempts are being made to 
introduce other elements into steel to compensate for the fine- 
ness of grain and inherently stringy characteristics. 

Sulfur and phosphorus are well-known aids to machin- 
ability but, in steels of better quality, both of these constituents 
are often taboo to consumers and their use mostly confined to 
the free-cutting applications. Phosphorus is undesirable on 
account of its treacherous cold short properties, but sulfur is 
claimed to be advantageous when purposely incorporated in 
the ladle and is not existing as residual sulfur. Sulfur added 
in this way usually is done with great reluctance by the steel 
maker for it is claimed that it adds from $3 to $5 in chipping 
cost per ton. 

Many of the rarer elements have been tried out, and some 
of them have shown promise, but elements such as zirconium, 
selenium, columbium, and uranium are prohibitive additions 
for production steels, although some of these elements are 
used in the 18-8 stainless steels and have proved to be aids to 
machining properties. Zirconium in small quantities has been 
found beneficial in improving machinability in the higher 
manganese steels. An important contribution to the solution 
of this problem came out of a steel company in the Chicago 
district — a steel containing lead. 

Lead does not alloy with iron but occurs scattered through 
the matrix in finely divided particles of metallic lead, often 
displaying the characteristic cubicle pattern. But, in rolled and 
forged steels, it is found most frequently in long stringers 
which sometimes under high magnification have the appear- 
ance of vertebrae. Lead, being a plastic, would conform to 
the strain lines of rolling and forging, and these stringers are 
presumed to be effective in breaking up the continuity of the 
ferrite and thus promoting improvement in machining. 


Approximately 0.25% of lead is considered to be essential 
in producing a noticeable effect upon machinability and, so 
far, it has been difficult to hold much more than this amount 
dispersed throughout the metal mass. Although a number of 
different methods have been tried to introduce the lead into 
the steel, the commonest way is to have a small stream of lead 
shot pouring into the ingot as the steel is being teemed into 
the mold. Dispensers are used, arranged to spray the shot 
over the greatest surface possible and timed so that it will not 
be emptied until the ingot mold is filled with steel. Correctly 
done it is claimed that about 80% recovery of lead is ob 
tained. Lead being heavier than steel, finds its way to the 
bottom of the ingot. 

Uniformity of distribution is all-important for, if one por 
tion of the ingot is rich in lead and another portion lean of 
lead, a vast difference would occur in machinability. This 
result has frequently happened when steel companies first 
attempted to make this steel. 

When this steel is made properly, some remarkable results 
have been reported. On one job where SAE 1115 steel was 
specified to make a small plunger, 11 sec were required to 
produce it. When lead was introduced into this same steel, 
the time required was reduced to 3% sec. This was cold- 
drawn steel with a turning and cut-off operation on the six- 
spindle automatic. On fulcrum shafts of SAE 1020, which is 
always a bad machining steel on automatics, the addition of 
lead proved to be beneficial. On several jobs the surface speed 
was increased from 75 surface ft to 125 surface ft per min. 

It may be realized, therefore, that, if segregation of the lead 
occurs and the speeds and feeds have been increased to com 
pensate for the lead additions, very unfavorable experience 
would result with leaded steel, which may account for some 
of the varied reports of its value. 

It is questionable whether it imparts any valuable improve 
ment to the high-sulfur or free-cutting steels. Its beneficial 
properties are also not so marked on the alloy steels, and 
varied reports have been given of its value. 

Lead has one advantage in that it does not seem to impart 
any unfavorable properties to steel. The leaded steel can be 
rolled readily and forged; it carburizes and hardens satisfac- 
torily. Impact does not seem to be affected materially. 

Hot-rolled leaded steels cost $2 over the same steels without 
lead and $3 per ton when cold-drawn. 

Other means are being investigated toward improving ma- 
chinability. In the molybdenum alloy steels, molybdenum 
sulfide instead of calcium molybdate or ferro molybdenum 
as an addition is claimed to produce better machining steels. 
Another means is addition of sodium fluoride and litharge. 

To improve physical properties by the elimination of oxides 
of nitrogen and other gases and to promote the coalescence of 
inclusions, several new deoxidizers are being employed. One 
of these, sponsored by the Electro-Metallurgical Corp., is 
“Silvaz.” The composition is said to be: 


Silicon 45.00% 
Aluminum 7.00% 
Vanadium 7.00% 
Zirconium 7.00% 
Iron Remainder 


Another is “Grainal,”’ composed of silicon, aluminum, 
vanadium, and titanium. Others are zirconium silicon and 
various alloys composed of calcium and manganese with sili- 
con. The composition of these various deoxidizers is not of 
general interest except as they indicate the tremendous amount 
of work that is being done to improve the quality of steels. 

The carbon-molybdenum or Amola steels have been in use 
for about five years hence cannot be regarded as new but, 
during this period, most of the production has been confined 
to one large automobile industry and the parts makers supply- 
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ing it and, not until recently, has its adoption become more 
general to unrelated industries. Until 1938, the examination 
prior to sale was confined to the laboratory of those responsible 
for the development of this steel. This policy was, of course, 
objectionable to competitive car manufacturers and restricted 
its acceptance. On the other hand, this was no doubt a wise 
procedure because much had to be learned regarding the cor- 
rect way to manufacture it and, until last year, it was not 
ready for release for general production parts. Steel of this 
type may now be purchased from any of the leading Ameri 
can or Canadian steel plants, all of which are licensed to 
produce it. 

In this steel, advantage has been taken of that unfortunate 
term known as abnormality which was conferred on fine- 
grained steels a number of years ago. No doubt abnormal 
steels at that period were over-oxidized heats doctored in the 
ladle with generous additions of aluminum, and did charac- 
terize poorly made steel. But the entire structure upon which 
this development is based is a fine-grained abnormal micro- 
structure having more or less indefinite grain boundaries. 
To be classed as Amola steel, four standard microstruc- 
tures have been set up known as 4, B, C, and D. The A 
pattern represents the nearly normal grain size, and D the 
finest grain with the least evidence of grain contour. B and 
C, of course, represent the intermediates between these ex- 
tremes. Good Amola steel should be the B, C, or D rating. 

By great care in setting up the steel practice and the judi- 
cious employment of molybdenum, it has been possible to 
produce an abnormal steel capable of imparting the desired 
fibrous characteristics, excellent strength and, at the same time, 
to regulate the chemistry so the steel would not be difficult to 
harden. 

These steels cover a range of 0.20% to 0.70% carbon and 
all show 0.15% to 0.25% molybdenum which is the only 
alloy used. However, due to the employment of molybdenum 
and the exacting set-up for its manufacture, it is classed as an 
alloy steel. Its price is about equal to the SAE 5100 series. 

The carburizing grades are usually between 0.25% and 
« carbon, which is a departure from the usual 0.10% to 
‘~ which represents the average carbon limits for the 
carburizing grades. Also the oil-hardening types are generally 
5 to 10 points higher in carbon than an equivalent type of 
other alloy steels. The object of this increase is to improve 
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the hardenability. These steels show very little distortion in 
heat-treatment. 

At the present time these steels have not been recognized by 
the Society of Automotive Engineers and possibly will not be 
until they are in more general use. They were first employed 
for coil springs in front-axle construction, then leaf springs, 
rear axles, later for ring gears and pinions, and finally for 
transmission gears and shafts. Recently they have been ap 
plied for bolts and screws, replacing the alloy type. Each new 
application has been handled cautiously. 

In many of the automobile plants the trend has been toward 
cheaper steels. Several have eliminated almost entirely the use 
of alloy steels and have substituted what might be termed the 
deluxe high-manganese carbon steels made with special de 
oxidizers. These steels vary from 1.30% to 1.90% manganese 
corresponding to the SAE 1300 series. These new manganese 
steels are quite an improvement over the older type, although 
the actual chemistry of the steel has not been modified greatly. 
Even transmission and rear-axle gears are being fabricated 
from these steels. Their success requires accurate control of 
grain size, hardenability, and physical properties. 

There is a growing increase in the employment of medium 
carbon nickel-molybdenum steel for cyanided gears. This is 
SAE 4640 which was first recognized by the Iron & Steel 
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Fig. | — Heating for upsetting in internally heated salt bath 


Division of the SAE Standards Committee in 1935. This 
steel was adopted first by Warner Gear Co., but its high 
strength, excellent impact and fatigue-resisting properties and, 
more important, its minimum distortion in heat-treatment, 
have resulted in more gear makers adopting it. It is one of 
the best of the so-called oil-hardening gear steels. 

The heat-treatment of steel also has progressed equally with 
the advancement in steel metallurgy. One important contribu- 
tion to modern heat-treatment practice has been the Ajax 
Hultgren internally heated pot furnace for hardening in 
cyanide and activated baths. By internal heating we refer to 
the process of direct heating and fusing salt baths by pairs of 
closely spaced electrodes immersed in the bath and to the 
heating effect obtained by the electromagnetic force developed 
between them. Essentially these furnaces consist merely of a 
pot set in insulating refractory, a step-down transformer, and 
one or more pairs of electrodes. 

The standard method of fusing and heating cyanide and 
kindred salts for many years always has been by externally 
heating a pot set into a combustion chamber and firing by 
gas, oil, or electricity. The first Ajax furnace was installed in 
1936 but, since then, over 120 installations have been made in 
various parts of this Country. Fig. 1 shows one of them. 

One important advantage rendered by the advent of these 
furnaces as a means of heat-treating is that it has made pos- 
sible the construction of longer pots. In fact, there is practi- 
cally no limit to the length which may be utilized, whereas 
5 to 6 ft formerly was regarded as the extreme length possible 
for economical operation. Some of the latest proposals, | 
understand, are for furnaces over 20 ft in length. Some have 
been designed in rectangular shape such as the Remy installa- 
tion and some horseshoe in design such as the one at Morse 
Chain Co., Ithaca, N. Y. 

Except for high-speed steel hardening, the pots which have 
given the best service have been made by welding ordinary 
steel plate. In one installation over 7000 hr were obtained 
before failure, which is one reason why longer furnaces are 
practical, in fact, heat-resisting alloys have not given as good 
service as has the welded plate. The reason for this result is 
that the pots in the Ajax furnace are not subjected to the 
severe oxidizing conditions prevalent in the exterior-fired fur 
naces and, as cyanide and activating salts are reducing, no 
deterioration occurs on the interior of the pot; only a slow 
oxidation occurs on the exterior. As a comparison with 
exterior-fired pots, the average obtained with cast-steel pots in 
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a gas-fired furnace seldom exceeds 1700 hr, and with alloy 
pots of the 35-15 composition, approximately 3500 hr. 

Although electric current is usually higher priced than gas 
or oil, the thermal efficiency of the internally fired furnace is 
much higher. As much as 60% efficiency is possible by heavy 
loading of work, for the radiation losses are fairly constant. 
In the average production operation a 40% thermal efficiency 
may be assured, and a fuel cost comparable with gas or oil in 
externally fired furnaces may be obtained in most localities. 
The reason for this condition is that the externally fired fur- 
naces are seldom over 15% thermally efficient. 

The hysteresis between the electrodes produces a continual 
stirring of the bath, thus keeping the bath always uniform in 
temperature regardless of the furnace length. As many pairs 
of these electrodes may be employed as are deemed necessary 
to compensate for the length of the furnace. 


Closer Temperature Control 

The direct heating of the bath permits more rapid recovery 
of the temperature after loading the furnace with cold work, 
thus shortening the heating cycle. Closer automatic control 
is also possible. It is seldom possible to hold externally fired 
furnaces closer than +20 F due to the higher temperature of 
the combustion chamber which produces the float-over when 
the source of heat is cut off automatically. With the Ajax 
furnace, records as close as 5 F are not uncommon, and the 
average automatic control in production work is about ro F. 

The advancement of greatest value in this furnace is the 
fact that production operations in an immersion bath can be 
held with greatest dependence within 10 F whether the tem- 
perature is 400 F or 2000 F, and it can be maintained for any 
length of time because the steel cannot become any hotter than 
the bath. This feature is of tremendous value for hardening 
operations where exact temperatures are vital, and this advan- 
tage seems to have been overlooked by the manufacturers of 
internally fired furnaces. 

Cyanide, for a good many years, has been a valuable aid to 
heat-treatment, and men have operated cyanide furnaces for 
25 years and longer with no ill effects. Yet it is a very poison- 
ous salt with many potential dangers attending its use, and 
the fumes have been regarded as undesirable when industrial 
plants are located in residential neighborhoods. Much of the 
complaint against cyanide is unmerited, but rigid health and 
labor laws plus shyster lawyers often have made it very un- 
comfortable for manufacturers and great efforts have been 
made in several of the larger plants toward its elimination. 

The first move was the utilization of a gas carburizing 
furnace and giving the parts a light case to about 0.008 in. at 
1525 to 1550 F. This experiment was successful and is being 
used today by several plants, but such surfaces are of the 
carbide type and, lacking the nitrides which characterize the 
cyanided case, they did not have equal wearing properties. 


5 Fig. 2—The positions 
of the combustion cyl- 
inders are shown in 
this side view of a gas 
carburizer 





According to Giolotti, the use of nitrogen as an aid to car 
burizing was investigated as early as 1907 by Braune, and the 
process of nitriding has been in common practice for 15 years. 
Recently it was found that anhydrous ammonia as a source 
for nitrogen could be mixed with hydrocarbon gas in a gas 
carburizing unit and microstructures could be produced which 
were identical to those obtained by cyanide immersion. By 
varying the percentage of hydrocarbon gas and ammonia to 
gether with various modifications in temperature and means 
of introducing the gases, the type of case may be varied at 
will from a completely nitrided case to one obtained by all the 
different types of activated baths. 

The process is now known as “Dry Cyaniding,” “Ni-Carb,” 
“Carbo-Mon” and similar trade names. One installation has 
been in use for several years in a prominent bearing plant; 
during the last year, a number of plants have incorporated the 
process; and we may expect a number of additional installa 
tions in the near future. 

Gas carburizing is fast making inroads into the box or pack 
carburizing process. Although gas as a carburizing medium 
is not new, for we have had rotary furnaces built to carburize 
with gas for a generation and pit-type furnaces utilizing 
vaporized oil have been doing a satisfactory job for many 
years, yet the modern gas-carburizing unit is distinctly new. 
Unlike former designs, these units are complete heat-treating 
units which automatically will carburize, quench, wash, and 
temper. One of these units operates with one man per shift of 
8 hr or three men per day, and produces as much work as 
formerly required 15 men when box carburizing was done. 

These newest installations usually are found in the larger 
production plants where frequently two to six of these units 
are in operation, and where there is a steady flow of parts 
through the operations. 

The actual cost of carburizing with gas is so low as to be 
almost negligible. But the high expense comes in the large 
amount of alloy necessary for operation, including trays, fix 
tures, and particularly the muffles which, in the larger units, 
are 35 to 40 ft long made up of welded sections and costing 
from $6000 to $7500 each. If a life of approximately 12,000 
heat hr is obtained, excellent economy is possible but, if fre 
quent renewals of muffles are necessary, it might prove an 
expensive method of carburizing. Alloy manufacturers have 
recognized the necessity for soundness, and both the furnac« 
builders and users of these units have been demanding they be 
given an X-ray examination before acceptance for which a few 
cents per pound additional charge is exacted. 

To combat the high cost of alloy muffles there is one in 
stallation in a General Motors plant in Indiana where no alloy 
muffle is employed, but instead the carburizing chamber is 
made of firebrick selected for its freedom from iron. By prior 
investigation it was found that such firebrick would have no 
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unfavorable reaction with the turnace gases. The furnace is 
heated by a series of staggered burners which inject flame into 
14 cylinders about 12 in. in diameter and 5 ft long connected 
with flues at the bottom of the furnace. The chamber, which 
is about 35 ft long, is heated by the radiance from these 
heated cylinders. 

The work is pushed on skid rails set on piers over the 
radiant cylinders. The placing of the radiant cylinders below 
the work with the colder metal above was for the purpose of 
stimulating a cycloidal flow of the carburizing gas. Fig. 2 
shows a side view of a gas carburizer showing the positions of 
the combustion cylinders. 
is the first furnace ever built of this type without an alloy 
muffle. So far it has given a very good account of itself. One 
of its features is the rapidity with which the radiant cylinders 
may be replaced. In the event of leakage these can be taken 
off and new ones replaced in a few hours without seriously 
tying up production. A muffle failure, on the other hand, 
would necessitate several weeks’ delay for replacement in 
addition to the high cost. 


One furnace has been in operation for about 14 years and 


Unlike most continuous gas carburizers this particular unit 
carburizes, permits the work to cool, reheats, quenches and 
washes, and tempers. Natural gas, which is principally 
methane gas, is the carburizing agent. 

Most of these furnaces utilize either natural gas or propane 
diluted with inert gases. Formerly it was deemed necessary to 
supply flue gas and other gases for dilution by means of 
exterior gas generators but, in recent installations, the spent 
gas from the carburizing muffle is drawn out and recirculated 
with fresh gas. When natural gas is employed, a methane 
content of 25% to 30% is usually sufficient for carburizing, 
but this amount varies with different designs of furnaces and 
case depths. Carbon monoxide has been found non-essential 
for carburizing for it has been learned that the hydrocarbons 
without the aid of oxygen are entirely satisfactory carburizing 
mediums. Much is to be learned about the inter-thermic 
reactions which occur in the muffle. Evidences are ample that 
these partially decomposed gases interact with each other 
forming complex hydrocarbons. The presence of liquid tar in 
the recirculating lines is sufficient evidence that our knowl- 
edge of what is transpiring in the muffle is still very meager. 

One furnace company has built over 60 large gas carbu- 
rizers; another has erected over 15 of these units. There is no 
record of how many smaller stationary, rotary, and pit-type 
carburizers are in active use but, no doubt, over 500 of them 
are in operation. Each additional one built decreases the sale 
of carburizing compound. These large deep case carburizing 
units may be tound at Ford, Packard, Chevrolet, Chrysler 
(New Castle, Ind.), International Harvester, J. O. Case, 
Deere & Co., Warner Gear Co., and many other plants. This 
is sufficient evidence of the widespread adoption of gas 
carburizing. 

Many of the newer types of hardening furnaces are employ- 
ing controlled atmospheres to protect the surface of the parts 
trom scaling, but much of the early enthusiasm for them is 
waning due to the fact that much decarburizing has been 
experienced in the higher-carbon steels, even though the sur- 
face appearance was much improved. Even in the bright 
annealing of copper with hydrogen, which is a comparatively 
easy operation, much trouble has been experienced with 
hydrogen brittleness. Three separate investigations by the 
writer in various plants showed that the decarburizing was 
caused by heat-treatment in atmosphere-controlled furnaces. 
These products covered bolts, springs, and tool steel in three 
different types of furnaces in widely different localities. Some 
of the newer furnaces have eliminated this difficulty. 

The employment of radiant heating is on the increase. It 
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was developed first as an economy in fuel consumption by 
substituting gas for electricity in order to maintain the prin 
ciple of radiant heating in sheet-steel annealing covers. It is 
particularly useful in furnaces where the product would be 
injured by contact with combustion gases such as vitreous 
enameling and where atmospheres are employed to protect the 
surface of heated metal. 

By radiant tubes is meant a heating method where combus- 
tion of gaseous fuel and air occurs by burning in heat-resisting 
alloy tubes either cast or fabricated. A mixture of gas or air 
either is forced through the furnace with high-pressure in 
jector burners or is drawn or sucked through the tube by 
inspirator type. The latter type is said to possess an advan- 
tage in the fact that, in the event of tube leakage, no combus- 
tion gas would enter the chamber. However, both types are 
giving excellent service. 

Radiant tubes are being used in many different types of 
furnaces. Sheet-steel annealing perhaps leads the list, but they 
also are employed in axle-hardening furnaces, bar heat-treating 
furnaces, galvanizing pots, and type metal melting. A recent 
application has been for malleable-iron annealing in both 
stationary and continuous types. 


Time Cut Considerably 


These malleablizing furnaces range from 60 to 130 ft long 
with a capacity of 20 to 35 tons of annealed malleable iron per 
day. By the old process of annealing malleable iron in boxes, 
five to eight days usually were required and the fuel cost was 
quite high, for over 60% of the weight was in the boxes and 
packing material and considerable time was required to bring 
them to heat. In the modern continuous type, the work is laid 
on grid trays without surrounding the castings with packing, 
but the chamber is provided with an atmosphere to prevent 
oxidation and the furnace is heated with radiant tubes. In 
one malleable foundry the annealing cycle is completed in 
14 hr in the following cycle: 24% hr to bring to a temperature 
of 1700 F. It is then held at this temperature 2% hr; then it 
is cooled to 1500 F for 2 hr followed by a slower cooling for 
7 hr, and discharged from the furnace at about 800 F. Other 
installations do this annealing from 35 to 48 hr, depending 
upon the type of malleable made and the size of the furnace. 

The newest designs of furnaces have many improved means 
of conducting work through the furnace. Continuous belt 
conveyors are more durable than in the earlier installations; 
annealing trays are much better; the hinged tray is an exam- 
ple of this improvement. 

A universal axle furnace recently has been installed in an 





Fig. 3 — Universal axle furnace utilizing controlled atmosphere 
and radiant tubes 
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axle plant which will heat-treat all designs of axles whether of 
the flanged type, gear type, or ordinary axle with tapered and 
splined ends. It will handle everything from small passenger- 
car to heavy-truck types. These axles are conducted through 
the furnace by setting them in the spiral grooves in long hori- 
zontal shafts on the floor of the furnace. The furnace cham- 
ber is under controlled atmosphere and heated by radiant 
tubes. The axles are finished-machined before hardening. 
This procedure enables higher hardness of the axle for it is 
not necessary to sacrifice hardness and strength in order to 
machine these axles after heat-treatment. This method en- 
ables the makers of these axles to produce axle shafts with 
greater fatigue resistance. Fig. 3 illustrates one of these units. 

Another new development which gives some promise of 
success is the individual carburizing box holding but one piece 
of work. This box complies with the contour of the work to 
be carburized and has very light walls. A small amount of 
carburizing material is placed in the box and surrounding the 
work. A cap-like lid seals the box. The box is fastened to a 
continuous alloy belt and is carried through the length of the 
furnace. It is said that these small containers may be brought 
to the carburizing temperature in about 1 hr instead of the 
usual 4 to 6 hr with standard size boxes, thus shortening the 
carburizing cycle 3 to 5 hr depending upon the depth of case 
required. If direct quenching is done, the cap is lifted from 
the container when it reaches the furnace exit, and the part is 
removed with tongs and quenched. 


Fundamentals Unchanged 


As far as actual heat-treating is concerned, the fundamentals 
of this art are the same as when it was practiced by the 
Egyptians and the Romans. To harden a piece of steel it is 
heated to a cherry red or higher, quenched in some medium 
and afterwards is given a tempering to relieve the brittleness; 
it has been done this way since first described by Pliny, the 
Elder, in his Historia Naturalis in A.D. 76. No one knows 
exactly why steel hardens and no one has yet invented a 
method whereby steel may be hardened without the applica- 
tion of heat-—excepting, of course, the hardness by cold- 
working. We, therefore, may say that our progress in the 
heat-treating of metals has been with the auxiliaries of heat- 
treating operations, such as the mechanization of furnaces, the 
invention of the heat-resisting alloy, and the progress of 
electro-pyrometry and automatic control. The type of fuel 
also has improved by the employment of oil, gas, and elec- 
tricity instead of the wood and charcoal of the ancients. More- 
over, we also must include the vast improvement in the 
quality of steels. 

If, by present signs, we may peer into the future, we can 
note an increase in the employment of induction as a source 
of heat. It seems to possess unlimited possibilities. One of its 
first applications for heat-treating was for hardening strip steel 
for razor blades. The well-known Tocco process developed by 
the Ohio Crankshaft Co. for surface hardening the bearing 
diameters of crankshafts is a familiar adaption in the heat- 
treating of automotive parts. Last year it was applied for 
locally hardening transmission spline shafts by a Detroit 
motor-car company. Other applications have been for harden- 
ing piston pins, rollers for bearings, heating pipe for bending, 
tempering starter gears, and many others. In the forging 
industry it is used for heating bar ends for upsetting and 
tubes for swaging. It is said that a billet of steel 3 in. in 
diameter can be heated to 2200 F in 2 min, and a billet 7 in. 
in diameter will attain the same temperature in 15 min. It is 
estimated that bars can be heated to forging temperature at a 
current consumption of 400 kwhr per ton. 

So far, this process has been most practical for cylindrical 
bodies. Items of irregular shape and with serrated edges, such 


as gears, present a more difficult problem. Not that it is im- 
possible to heat such shapes, but the higher cost of current 
would make the process un-economical. 

The process consists essentially of a high-frequency gen 
erator capable of producing from 20,000 to 500,000 cycles per 
sec, and a water-jacketed copper heater coil or inductor block 
supplying the magnetic field. High-frequency current at high 
voltage is transformed into low voltage and high amperage. 
The parts to be heated are placed onto the center area of the 
heater coil or inductor block, but do not actually touch them. 
With magnetic metals such as steel, this induces a current on 
the surface causing it to heat with great rapidity. 

Utility units with adjustable power control and different 
size and shaped heater coils were exhibited at the American 
Metal Show in Detroit in 1938. These units were recom 
mended for heat-treating small parts, brazing, and so on. We 
may look for further developments by this means of heating 
during the next few years. 

The metallurgical picture is moving with great strides, and 
it is difficult to keep up with the dynamic changes taking 
place in all the industries. The young man contemplating a 
career in metallurgical engineering need have no fear that all 
the vexing problems will be solved before he completes his 
university courses, nor should he be awed by all the wealth of 
theoretical trivia which clutters our technical publications. Too 
frequently even our axiomatic conelusions are given a severe 
jolting. 

There is still a lot to be learned of the unexplainable idio- 
syncrasies of metals; the function of gases in contact with hot 
metal surfaces; the effect of dissolved gases in steel and other 
metals; and numerous baffling problems which a future gen- 
eration will solve. Many accomplishments which were re 
garded as wonderful developments a few years ago and were 
then the last word in improvement are now in the ash can of 
obsolescence. As we push our frontiers into the realms of 
science and acquire useful knowledge, new facts are placed 
into practical use, new processes are developed, and improve- 
ments and new products emerge. Another generation will 
ridicule our crudity — and, perhaps, our stupidity. 


Adding That Mile per Gallon 

OME of the things that can be done to help add that mile 

per gallon are suggested: 

1. New engines, after being run in, nearly always can be 
improved one or more miles per gallon if adjusted with an 
exhaust-gas analyzer. 

2. Since restriction in air cleaners has prevented proper 
carburetor adjustments even when the cleaner was new, after 
making sure that the cleaner is of the proper size and prop 
erly applied, it is necessary to keep it cleaned. 

3. The excess use of chokes is a gasoline thief, but gasoline 
refined for the climate when used in a well-tuned modern car 
should remove most of this trouble. 

4. Automatic spark advancers are one of the best gasoline 
mileage insurances. 

5. Engine condition can drop off a mile or two per gallon 
without the driver noticing the change. Regular compression 
and vacuum tests will pick this up. 

6. Weak coils, poor timing, poor spark plugs, defective con- 
denser, defective wiring, and battery connections all have 
their influence. 

Excerpt from the paper: “Engineered Automotive Operation 
and Maintenance,” by Robert E. Rowley, Los Angeles Depart- 
ment of Water and Power, presented at the World Automo- 
tive Engineering Congress of the Society, San Francisco, Calif., 


June 6, 1939. 

















A Non-Icing Fully Maneuverable 


Aircraft Carburetor 


By M. J. Kittler 


Chief Engineer, 


EITHER severe military maneuvers, such as 

power dives and inverted flight, nor icing 
conditions will affect appreciably the operation of 
the aircraft carburetor described in his paper, Mr. 
Kittler asserts. To back his claim, he points to over 
114 years experience with several hundred of 
these carburetors since the start of their develop- 
ment in 1935. 


After a discussion of the problems of icing. 
maneuverability, and metering, the author details 
the construction and operation of the type of car- 
buretor finally developed. This carburetor is un- 
like commonly known types, he explains, in that 
the fuel level is controlled by a double-diaphragm 
mechanism instead of by the conventional float 
mechanism. In place of the fixed venturi and but- 
terfly throttle construction is a variable-venturi 
mechanism which forms both the throttles and 
the venturi. Metering is governed. Mr. Kittler 
continues, by a tapered needle valve actuated by 
a cam linked to the venturi throttles so that both 
the air and fuel passages of the carburetor expand 
simultaneously as the venturi throttles are opened. 


LTHOUGH the carburetor always has been an impor 
A tant factor in aircraft powerplant operation, the rapid 
progress made in recent years in both airplanes and 
their engines has resulted in increasingly more attention being 
paid to the broad problem of satisfactory carburetion. Modern 
types of commercial and military aircraft are expected to 
operate safely and properly in any weather conditions and, in 
the case of military airplanes, during the execution of all 
tactical maneuvers. These requirements have made it neces- 
sary to extend the scope of the carburetion problem to include 
not only the primary carburetor function of supplying the 
correct fuel-air mixture for varying engine oper ating condi- 
tions, but also to include the problems of carburetor icing and 
proper carburetor operation during conditions of high inertia 
and acceleration forces other than gravity, such as occur during 
dives, inverted flight, and so on. 


{This paper was presented 


at the Annual Meeting of the Society, Detroit, 
Mich., Jan. 9, 1939.] 
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Aircraft Division, Holley Carburetor Co. 


In January, 1935, a project was begun with the object ol 
developing an aircraft carburetor that would include a solution 
of the special problems of icing and maneuverability. An 
aspect of this design and research program which will surely 
appeal to any imaginative engineer, was the complete absence 
of traditional ties to any earlier design to hamper or divert 
progress. Engineers were given “carte blanche.” 

A more detailed description and analysis of the two special 
problems of icing and maneuverability and also the basic 
problem of metering requirements may be in order at this 
point. 


Carburetor Icing 

There are two general causes of carburetor icing. The most 
common one, and the one that usually is associated with 
carburetor-icing troubles, is the ice accumulation caused by the 
freezing and precipitation of atmospheric moisture in the air 
passages of the carburetor due to the reduction of temperature 
caused by the evaporation of the gasoline as it passes through 
the body of the carburetor. A carburetor has several points of 
similarity to an expansion valve in a refrigeration system. The 
gasoline, being a volatile liquid which vaporizes to a greater 
or less extent at ordinary atmospheric temperatures, serves as 
a good refrigerant under the conditions usually present in a 
carburetor. The throttle mechanism also assists in the refrig- 
eration process by causing a reduction in pressure and a high 
air velocity. The heat exchange which takes place during the 
vaporization of the gasoline in the carburetor causes a reduc 
tion of temperature of the air, the surrounding parts of the 
carburetor, and the gasoline itself. This reduction in tempera 
ture causes the aude of atmospheric humidity and its 
subsequent freezing to any metal parts of the carburetor which 
are in the path of the air stream. Both theoretical considera 
tions and experimental observations seem bear out the 
hypothesis that moisture (or ice) particles in an air stream 
travel in substantially straight lines and ice, therefore, tends to 
build up first on any metal surfaces directly in the path of the 
air stream. The conditions surrounding ice formation suggest 
a plausible: solution to the problem, namely, that there should 
be a minimum projected area of metal surface in the air 
passage of the carburetor, this condition being especially true 
of the region beyond the point of fuel discharge, which will 
be at a considerably reduced temperature and therefore more 
liable to ice formation. 

The second form of ice formation is the building up of 
atmospheric ice or particles of supercooled moisture. This 
type of ice formation does not require any additional refrig- 
eration to cause its adherence to the carburetor surfaces, since 
it will adhere to any surface in its path, as in the case of wing 
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icing. It will be readily apparent that the plausible solution 
just given also will be of material benefit in conditions where 
atmospheric ice is present. 

The carburetor icing problem resolves itself then to finding 
a means for preventing the clogging of the carburetor air 
passages by the formation and/or accumulation of ice deposits. 


Maneuverability 


For a carburetor to function properly in all maneuvers, it is 
necessary that the fuel level (pressure) control mechanism 
supply the metering system of the carburetor with a continu 
ous supply of fuel at a constant head, unaffected by inertia or 
acceleration forces or by the attitude of the carburetor with 
respect to the normal vertical axis. 

A conventional float-type carburetor has a number of char 
acteristics which make it function best when in its normal 
right-side-up position. Ordinarily the float mechanism itself 
ceases to function properly when the normal vertical centerline 
of the carburetor is tilted more than 30 or 40 deg from the true 
vertical and, when the carburetor is inverted completely, the 
float action is reversed, the float holding the needle valve open 
instead of closed. The float also, because of its considerable 
weight, is subject to the effect of inertia and acceleration 
forces. 

Because of the fact that a float depends on buoyancy for its 
operation, it requires an air space in the upper part of the float 
chamber. This air space permits a considerable surging of the 
gasoline in the float chamber, which surging is undesirable in 
that it affects the float action and also the metering. The 
necessity for venting the float chamber introduces a further 
difficulty in that the vent passage may become filled with fuel 
when the carburetor is inverted. 

In recent years, the foregoing difficulties have been corrected 
partially by the addition of auxiliary devices to supplement the 
float action under conditions of abnormal operation, but a 
survey of the problem and its possible solutions leads to the 
conclusion that an ordinary type of float mechanism. is func- 
tionally unsuited to many of the conditions to which an 
aircraft carburetor is subject. 

A consideration of the conditions governing the fuel level 
(pressure) control in an aircraft carburetor leads to the follow- 
ing general conclusions: 


1. The fuel-level (pressure) control mechanism should be 
symmetrical about each of the three principal axes of rotation, 
in so far as possible. 


2. Some other control force such as pressure (head, weight) 
is preferable to buoyancy. 


3. All moving parts should be light in weight to nullify the 
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Fig. |-A typical curve of aircraft-engine mixture-ratio re- 
quirements for normal propeller load operation is represented 
in this figure 


destructive and disturbing effects of vibration and acceleration 
forces. 

4. The control chamber should run “full,” that is, with no 
air space. 

5- The control mechanism should be powerful enough not 
to be affected unduly by fuel-pump pressure changes or inter 
nal acceleration forces. 

For an aircraft carburetor to function properly in all maneu 
vers it should have a fuel level (pressure) control mechanism 
which will conform to the foregoing conditions. 


Metering Characteristics 

Fig. 1 represents a typical curve of aircralt-engine mixture 
ratio requirements for normal propeller load operation. The 
fuel-air ratio is plotted against air flow since these are the data 
obtained on a carburetor test stand. On an engine, the abscissa 
for this curve would be horsepower rather than air flow. At 
the idling condition, the mixture ratio is fairly rich but leans 
out rapidly to a substantially uniform value which is main 
tained throughout the cruising-power range (up to 4000 |b of 
air per hr). Beyond this range it becomes necessary to provide 
considerably richer mixtures to take care of the requirements 
of the engine for conditions of high power output including 
rated power and take-off (7000 lb of air per hr). The curve 
labeled “Cruising Lean” represents the fuel-air ratio giving 
approximately best economy for the cruising-power range. 

Although there are several schools of thought as to how a 
carburetor calibration should be determined for any particular 
engine, it is agreed quite generally that the mixture-ratio 
values decided upon for the various engine operating condi. 
tions should be maintained by the carburetor regardless of any 
variations in altitude, temperature, throttle opening, or other 
factors influencing carburetor operation. 

An ideal aircraft engine carburetor would automatically 
supply the engine with the correct fuel-air ratio for all condi 
tions of speed, load, altitude, and temperature. 

After a consideration of the foregoing problems, it was 
decided to undertake the development of a variable-venturi 
expanding type of carburetor in which the fuel was controlled 
by a diaphragm mechanism instead of by a float mechanism. 

At the time this work was begun, the largest engines in 
common use were of a size developing in the neighborhood of 
about 800 hp maximum, but the trend seemed to be definitely 
toward larger engines. Also, several factors combined to swing 
the trend of future designs to down-draft carburetors rather 
than up-draft. Accordingly, it was decided to begin with the 
design of a carburetor of the down-draft type, and of a size 
sufficient to handle an engine of about 1200-hp maximum 
output. 


Description 


Fig. 2 shows the type of carburetor as finally evolved. 

The carburetor has a single air passage into which fuel is 
supplied from a single fuel-supply chamber, the means for 
inducing the fuel into the air passage being the same as that 
employed by most carburetors of other design, that is, a 
controlled pressure differential which is produced by the flow 
of air through a restricted portion of the air passage. The 
fuel-supply chamber and float mechanism are replaced by a 
diaphragm mechanism, and the control of the air passage is 
accomplished by means of a variable venturi rather than by 
the conventional butterfly valve and fixed venturi. 

The main body of the carburetor consists of two end blocks 
bolted between two side plates. The two throttles, the meter 
ing channel, the discharge nozzle, and the throttle shaft are 
assembled with the main body. The throttles are made in the 
form of modified cylindrical sectors having the discharge 
nozzle located between them and forming a streamlined ven 
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BOTTOM VIEW 


Fig. 2—General construction of the non-icing fully maneu- 
verable aircraft carburetor is shown in the three views 


turi shaped passage for all degrees of opening. The throttles 
fit in the main body with a small end clearance and are sealed 
against leakage by means of a leather brush which bears 
lightly on the top of the cylindrical surface. A gear on each 
throttle and on the throttle lever shaft serves to drive them in 
synchronism. Both the throttles are mounted on oilless bush 
ings and the throttle shaft on ball bearings. 

The main diaphragm mechanism is fastened to the lett sic 
of the carburetor as a unit by means of nine studs and can be 
removed and replaced without disturbing other parts of the 
carburetor. The mixture-control valve is self-contained in a 
small casting fastened to the rear face of the carburetor and 
also may be removed intact. 

The carburetor is vented through a hollow rectangular 
casting which matches the air entrance and is provided with 
a number of small inside surface. This 
arrangement helps to obtain an average of the pressures exist 
ing at the entrance to the carburetor. Drilled passages lead 
from this vent ring to the space outside the two main fuel 
diaphragms. 


holes around the 


Fig. 3 shows the throttle and discharge nozzle construc 
tion as disclosed by removing one of the side plates of the 
carburetor. 


Diaphragm Mechanism 


The diaphragm mechanism, which is located on the left 
side of the carburetor, consists of two similar diaphragms 
placed side by side and forming a fuel chamber between them. 





Fig. 3- Removing one of the side plates of the carburetor 
discloses the. throttle and discharge-nozzle construction as 
shown 


Each diaphragm is connected flexibly at its center to a lever, 
the other end of which bears on the end of a fuel valve. This 
valve is a ball-ended plunger sliding in a guide which also 
forms the seat. Fuel under pressure from the fuel pump 
enters through this valve and fills the chamber between the 
diaphragms. The weight of this fuel causes the diaphragms 
to bulge outwardly, thereby forcing the valves against their 
seats by means of the levers. When the fuel reaches a certain 
height in the chamber between the diaphragms, its weight 
exerts enough force on the diaphragms to close the fuel valves 
against the fuel pressure. Fig. 4 shows diagrammatically the 
elements of the diaphragm mechanism. Fig. 5 shows the 
construction of the parts of the diaphragm unit. 

The outlet of the fuel chamber is at the top. Suction from 
the fuel discharge nozzle is carried back to this point and 
tends to draw the diaphragms together, which allows the fuel 
valves to open and admit more fuel. Thus, at all times when 
the engine is running, the diaphragm chamber is filled entirely 
with fuel, which eliminates trouble arising from splashing - 
and the resulting interruption of fuel flow — during violent 
maneuvers. By virtue of the symmetrical arrangement of the 
diaphragm section the carburetor will function in inverted 
flight as well as right side up. 

The method of regulating the fuel-air ratio of the carburetor 
is as follows: 

The main metering channel, which attaches to the outlet of 
the main diaphragm mechanism, is provided with a restric- 
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Fig. 4—The diagram explains the operation and adjustment 
of the diaphragm mechanism 


tion and a tapered metering needle. This needle is actuated, 
through a cam lever, by a cam attached to the shaft which is 
geared to the throttles. The channel and restriction are located 
in the cross bar above the throttles. 

Thus, as the throttles are opened to increase the air passage, 
the fuel passage opening is increased correspondingly to pro- 
vide the proper fuel flow. The cam profile is worked out to 
give an approximately constant mixture ratio for all throttle 
openings above the idling range. An air bleed is provided at 
the center of the main metering channel for the purpose of 
stabilizing the flow of fuel. 

To obtain idle adjustment an additional air bleed is used in 
the form of an adjustable valve. This valve is operative only 
when the throttles are nearly closed (engine idling) since it 
bleeds air through a passage in the center of the metering 
needle which shuts off as soon as the needle is moved out of 
the seat about 1/16 in. Thus the idle adjustment is not effec- 
tive for engine speeds above approximately 1000 rpm. 

The idle adjustment is located near the throttle cam shaft on 
the forward side of the carburetor. Fig. 6 shows a diagram of 
the idle adjustment. 


Power Compensator 


To provide mixture enrichment as engine power output is 
increased toward its maximum, an automatic enriching device 
is built into the carburetor. A venturi is provided in the fuel 
inlet. When there is a flow of fuel through the venturi, the 
pressure at the throat is less than the pressure at the entrance. 
The greater the fuel flow through the venturi, the greater the 
difference in pressure between the entrance of the venturi and 
the throat. This difference in pressure is used to operate a 
spring-loaded needle valve. When the fuel flow is increased 
to the point where the venturi differential pressure equals the 
initial tension on the spring, the needle valve starts to open. 
Further increase in the flow through the venturi increases the 
needle lift. This valve supplies an additional quantity of fuel 
directly from the fuel entrance through the external tube 
located on the rear side of the carburetor to the compensator 
discharge nozzle. 

Thus, while the diaphragm mechanism and main metering 
system supply the engine with a mixture of approximately 
constant “basic” or normal cruising strength, the compensator 
supplies automatically the additional fuel required to give the 
richer mixture desired at higher power outputs. There is no 
mechanical connection between the power compensator and 
the throttle mechanism. The operation of the .power com- 
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pensator and the amount that it enriches the mixture is 
governed by the amount of fuel that the engine is receiving 
through the main metering system of the carburetor. The 
fuel flow through the main metering system depends upon the 
horsepower output of the engine and, therefore, the action of 
the power compensator is governed by the horsepower output. 
Above a certain power output, the mixture is enriched auto 
matically regardless of the throttle opening or altitude. Below 
this power output the mixture remains at the normal value for 
cruising power, also regardless of throttle opening. 

A diagram of the power compensator is given in Fig. 7. 
The tapered needle is attached to a flexible diaphragm, and is 
held against its seat by a spring. The chamber in which the 
needle and seat are located is connected to the fuel supply 
ahead of the venturi entrance. The other side of the dia 
phragm is connected to the throat of the compensator venturi. 
The spring is adjusted so that the compensator starts to 
operate at the specified fuel flow, and the greater the fuel flow 
beyond this point of opening, the greater will be the open 
ing of the needle. Fig. 8 shows the parts of the power 
compensator. 

The power compensator is calibrated to provide the proper 
amount of fuel with 6 to 7 lb per sq in. pressure at the 
carburetor. This pressure must therefore be maintained, 
especially at high power output when the compensator is 
operating. At low power outputs, when the compensator is 
not operating, the mixture is not affected by changes in fuel 
pressure. 


Mixture Control 


A manual mixture control is provided to permit leaning out 
to obtain more exact altitude adjustment and improved econ 
omy when cruising. 

The actual effect of the mixture-control valve is to apply to 





_ Fig. 5- Diaphragm assembly parts 
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Fig. 6-—This diagram of the carburetor venting and mixture- 
control system shows the operation of the idle adjustment 


the air space outside of the main diaphragms a percentage of 
the same suction that exists at the metering needle. This 
reduces the suction available for drawing fuel out of the 
diaphragm chamber and results in a decreased pressure drop 
across the fuel metering restriction which gives a decreased 
fuel flow and a resulting leaner mixture. Fig. 6 shows a 
diagram of the mixture-control system. Fig. 9 shows the parts 
of the mixture-control unit. 

The amount of suction is regulated by varying the area of 
the mixture-control valve passage which admits the suction to 
the air space outside of the diaphragms. In the “full-rich” 
position this passage is closed completely; as the control is 
moved toward the cruising lean position a small slot on the 
mixture control disc is opened gradually. The amount of 
suction is controlled further by a restriction in the passage 
connecting the space outside the diaphragms to the vent ring. 
This restriction bleeds off a portion of the suction and its size 
is selected so that, with the mixture control in “cruising lean” 
position, the mixture strength throughout the cruising range 
will not be less than the allowable minimum. Movement of 
the mixture-control lever leans out the mixture over the entire 
range of operation from idle to full throttle. 

A further function of the mixture control is to shut off the 
flow of fuel, preventing the engine from after-firing when it is 
stopped. This result is accomplished by moving the mixture 
control to its full travel beyond the “cruising lean” stop. This 
movement exposes the outside of the diaphragms to practically 
the same suction as exists at the fuel metering restriction and 
at the same time locks the accelerating pump. With the suc 
tion thus balanced the diaphragms act to close the fuel-inlet 
valves, and hence all fuel supply is cut off. 


Accelerating Pump 


To insure rapid and positive acceleration of the engine it is 
necessary to provide an additional quantity of fuel when the 
throttles are opened quickly. For this purpose a vacuum 
operated diaphragm type of accelerating pump is provided. 
This pump is located between the main diaphragm mech 
anism and the body of the carburetor as shown in Fig. 10. 
The complete pump mechanism consists of an inlet check 
valve, an outlet spray nozzle, a diaphragm, three springs for 
moving it, and the pump lock valve. One side of the dia- 
phragm is open to the vacuum that exists below the carburetor 
when the throttles are closed and the engine running, and the 
other side forms a gasoline chamber with the inner wall of 
the main diaphragm mechanism. The springs are on the 
vacuum side of the diaphragm and tend to apply pressure on 
the fuel on the other side of the diaphragm. The inlet check 
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valve is located in the bottom of the main diaphragm tuel 
chamber, and the outlet spray nozzle is located under the 
metering channel and directs the accelerating charge down 
into the air passage of the carburetor. The accelerating pump 
lock valve is in the passage leading to the vacuum side of the 
diaphragm and is closed when the mixture-control lever is 
moved to the idle cut-off position. This valve prevents the 
pump from operating when the engine is being stopped. 

When the engine is idling, the high vacuum below the 
throttles pulls the pump diaphragm against the springs and 
draws a charge of fuel into the pump chamber through the 
inlet check valve. When the throttles are opened, this vacuum 
is broken and the springs compress the fuel in the pump 
chamber and discharge it through the spray nozzle. The 
action of the pump is automatic, there being no mechanical 
linkage between the pump and the throttles. This type of 
carburetor therefore cannot be used to prime or flood the 
engine by opening and closing the throttles with the engine 
not running. 


Discussion of Icing Characteristics 


When the first experimental model of this type of carburetor 
was built, the throttles were provided with cored passages con- 
nected to a manifold at each end for the purpose of admitting 
some heating medium to prevent icing. During practically all 
of the preliminary tests it was found to be so awkward a job 
to pipe up these manifolds that it was not done. As the tests 
continued, it became apparent that the carburetor had a certain 
immunity to icing, even without the use of any auxiliary heat. 
Many subsequent runs on the engine test stand, in the air box, 
and in flight, confirmed this finding. 

Close observation of the action of the carburetor during 
simulated icing conditions showed that the fuel stream issuing 
from the discharge nozzle at high velocity immediately was 
swept into the large outlet passage of the carburetor and then 
into the supercharger entrance, without, in the meantime, 
impinging on any internal metal surfaces and, therefore, not 
appreciably reducing the temperature of the carburetor parts 
in the air stream. The observations showed that the velocity 
of the mixture through the carburetor was so high that the 
maximum mixture temperature drop did not take place until 
after the mixture had left the carburetor. This condition was 
illustrated by the fact that, during many engine tests on humid 
days, the exterior of the carburetor adapter was covered with 
frost up to the carburetor flange, but above this point only 
condensed moisture would appear. 


All of these tests were run with no preheating of the car- 
buretor air. 
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Fig. 7—Parts and operation of the power compensator are 
shown in the diagram 











Fig. 8-— Power compensator parts 
Fig. 9— Mixture-control parts 


Fig. 10-Assembly of vacuum-operated diaphragm-type ac- 
celerating pump 


The carburetor, of course, will not melt any ice particles 
already present in the air, but many hours of flight experience 
have demonstrated that the basic principle of keeping the 
projected area of metal surface in the air stream down to a 
minimum helps tremendously in making the carburetor insen- 
sitive to atmospheric ice. It is not the ice particles that travel 
uninterruptedly through the center of the air passage that 
cause us trouble, it is only those which strike and adhere to 
some surface that are liable to clog the carburetor. 

In this connection, the screen usually placed at the entrance 
of a down-draft carburetor becomes quite an offender. The 
usual 8-mesh screen has been discarded by many operators in 
favor of the 4-mesh screen which is much less likely to pick 
up ice. Some of the more courageous operators have discarded 
the screen altogether and have thereby eliminated one more 
place in the induction system where ice might collect. 

Although the use of a non-icing carburetor eliminates the 
need of the usual highly efficient and rather complicated and 
heavy air-preheating system, there is still present the likelihood 
of the air scoop becoming clogged with snow or ice under 
very severe conditions. This condition is particularly true of 
the common type of forward-facing air scoop projecting above 
the engine nacelle. 

A simple although adequate expedient for preventing this 
type of trouble is the provision of a flap valve in the scoop to 
permit the carburetor air to be taken from the warmer region 
behind the cylinders when weather conditions are exceptionally 
severe. 

The combination of such a scoop with a non-icing carbu- 
retor provides the utmost in safety from icing, with no loss in 
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engine power or operating efficiency, and with an actual 
simplification of the installation. 


Diaphragm Mechanism and Maneuverability 


The diaphragm mechanism previously described conforms 
substantially to the conditions outlined earlier in this paper 
and, in combination with the variable-orifice metering system, 
it is responsible for the excellent maneuverability characteris 
tics of this type of carburetor. 

Air-box tests have shown that the part-throttle mixture-ratio 
curve with the carburetor inverted is almost identical with 
that obtained for the normal right-side-up position. During 
rotation around the rolling axis, the mixtures tend to become 
slightly richer than normal while the diaphragm unit is above 
the point of discharge and slightly leaner than normal while 
the diaphragm unit is below the point of discharge. In neither 
case is the deviation sufficient to affect engine operation 
noticeably. 

The carburetor does not flood under any possible condition 
of flight, since the diaphragm mechanism is fully symmetrical 
and cannot be rotated into an inoperative position. This 
feature is of considerable importance during steep dives and 
slow rolls. 

It should be pointed out that this statement is true assuming 
that the engine is running. If the carburetor is connected to 
a fuel line and inverted without any air flowing through it, 
it will leak slightly since the fuel level in the diaphragm unit 
will be above the point of discharge. This does not represent 
any operating condition and is, therefore, unimportant except 
that it prevents the down-draft version of this carburetor from 
being inverted and installed as an up-draft. 

An interesting sidelight on the development of the dia 
phragm mechanism was that the difficulties were not in the 
design but, as with many other aircraft details, in the selection 
of a suitable material, in this case the material of the dia 
phragms themselves. All sorts of materials were thought ol, 
tried, and found wanting in one or more ways. Finally, a 
chance telephone call regarding the possibility of using cello 
phane brought the suggestion that Neoprene-coated fabric be 
tried. This material was found to be the answer to the 
problem. Although the diaphragms appear very thin and 
frail, they are very lightly stressed and have never been known 
to fail in service. 


Metering Characteristics 


The metering characteristics shown in Fig. 1 are obtained 
with this type of carburetor by working out the metering cam 
profile to give the flat propeller load mixture curve labeled 
“basic,” which represents approximately a best-power mixtur 
at low power outputs. The power compensator is then cali 
brated to bring the total propeller load mixture ratios up to 
the curve labeled “basic plus comp.,” which represents the 
correct mixtures for high power outputs. These calibrations 
are made with the mixture control in the full-rich position. 
Finally, with the mixture control in mid or “cruising-lean” 
position, the mixtures are regulated to be at approximately the 
best-economy value. 

As previously mentioned, it would be desirable to maintain 
these established mixture ratios regardless of altitude which 
normally has the effect of causing a considerable mixture 
enrichment due to the reduction in air density. In order to 
visualize this condition, it may be explained roughly in very 
simple terms by saying that at high altitudes the air density is 
less than at sea level and the carburetor therefore “starves for 
air” and so delivers a correspondingly richer mixture. Stated 
mathematically, the relationship for a fixed set of conditions is 
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that the fuel/air ratio varies inversely as the square root of the 
air density. 

‘Lhe type of carburetor described here was tound, alter a 
great deal of test work on the air box, on the dynamometer, 
and in flight, to have considerably better altitude characteris- 
tics than conventional types. It was found that the full-rich 
mixtures would enrich only a fraction of the expected amount 
at altitude conditions and that this property was inherent in 
the carburetor and did not require the use of any auxiliary 
corrective device. Although the altitude-compensation charac- 
teristics are not perfect, they are commercially acceptable, 
particularly in view of the fact that they are inherent and, 
therefore, do not add any extra parts or other complications. 

The rigorous theoretical explanation for the altitude- 
compensation characteristics of this carburetor has been 
worked out, but its presentation at this point is beyond the 
scope of this paper, and an abridged explanation will be 
offered instead. 

Fig. 11 shows an elementary curve of mixture ratio versus 
air flow which is typical in its general characteristics of any 
fixed-venturi, fixed-jet suction-controlled type of carburetor 
with which the author is familiar. 

This curve embraces the type of carburetor universally used 
on present-day automobiles in this Country and also the 
special type of aircraft carburetor herein described since it 
becomes a fixed-venturi, fixed-jet type of carburetor for any 
one position of the venturi throttles. 

A study of the mixture-ratio curve in Fig. 11 shows that a 
certain value of air flow and its corresponding nozzle suction 
must be reached in order to initiate the flow of fuel. The fuel- 
air ratio then increases rapidly to a substantially constant value 
which is maintained up to a point where the nozzle suction 
begins to exceed approximately 3 in. hg, after which the fuel- 
air ratio continues to increase for increasing values of nozzle 
suction and air flow. 

This upper region of the curve is quite interesting, since it 
represents an artificially created altitude condition at the dis- 
charge nozzle and hence shows the enrichment that is caused 
by the reduced air density resulting from the high suction. 

In the case of the conventional type of carburetor, the ven- 
turi size usually is determined to be large enough so that the 
relative suction at the throat of the venturi does not exceed 
approximately 3 in. hg for the maximum air capacity of the 
engine. This arrangement means that the high end of the 
curve in Fig. 11 is never used. For a variable-venturi carbu- 
retor of the type described, the relative suction at the throat of 
the venturi is always above approximately 3 in. hg at all 
part-throttle conditions, since the total pressure drop across 
the carburetor occurs at the throat of the venturi instead of 
occurring mainly at the throttle valve as is the case with a 
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Fig. 11 —This curve of mixture ratio versus air flow is typical 
of any fixed-venturi fixed-jet suction-controlled carburetor 
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conventional type of carburetor. Therefore, the variable- 
venturi type of carburetor always operates at part throttle on 
that portion of the curve in Fig. 11 corresponding to high 
values of discharge-nozzle suction, which is the same as saying 
that it operates at all times at part throttle under an artificial 
altitude condition corresponding to the reduced air density at 
the discharge nozzle. 

Since the propeller load curve of the carburetor is calibrated 
originally at sea level to give the desired mixtures for the 
actual conditions existing at the discharge nozzle, we may 
consider that a certain altitude correction already has been 
applied to the carburetor. 

Since there is this initial altitude correction in the normal 
sea-level calibration of the carburetor, it follows that the 
carburetor will have a definitely lower rate of enrichment 
with altitude than a carburetor of conventional type. 

Another factor which also tends to lower the rate of enrich- 
ment with altitude of this type of carburetor is that, particu- 
larly at very high altitudes and at full-throttle conditions, the 
vapor pressure of the gasoline tends to reduce the effective 
metering suction somewhat, resulting in a leaner fuel-air ratio 
being delivered. 


Conclusion 


The purposes of the original development project have been 
largely accomplished as indicated by over one and one-half 
years of actual operating experience with several hundred of 
these carburetors, but there is still room for improvement in 
the field of aircraft-engine carburetion. 

It is felt that the ideal aircraft carburetor will be one which 
performs every function that the engine expects of it, and 
every function that the pilot expects of it, without the pilot 
being aware of its existence. 


Discussion 


Effect of Fuel 
Boiling in Jet 
— Frank C. Mock 


Bendix Products Division, Bendix Aviation Corp. 


T may not be apparent to those not closely familiar with the carburetor 

art that this type, whose last previous prototype was the “Bloc-Tube” 
carburetor used on rotary Gnome-Rhone engines early in the World War, 
represents a rather daring departure from current practice of the past 
20 yr. In this period, on account of the great importance of fuel economy 
and accurate metering, every effort was made to control the air/fuel ratio 
by the simplest and most direct means, namely, by fuel and air orifices 
of fixed size. These orifices gave a uniform air/fuel characteristic through 
a wide operating range at fixed altitude, and correction for altitude 
change was achieved rather easily. This simplicity of metering required 
that the fuel jet be located on the atmospheric side of the throttle, so that 
fuel evaporation could cause refrigeration, condensation of atmospheric 
water vapor, and ice on the throttle unless the intake air were heated. 

In the carburetor described in Mr. Kittler’s paper, and other recent 
types, ice formation at the throttle orifice has been avoided by locating 
the jet on the engine side so that evaporation occurs down in the hot 
parts of the engine where ice cannot form. When the jet flow is induced 
by the suction beyond the throttle orifice, however, as in this particular 
design, we encounter an anomalous condition that a very high suction or 
depression is placed on the jet at idle when we need the least fuel, and 
the suction is least at wide-open throttle when we need the most fuel. 
This condition requires substitution of a cam-and-needle control orifice 
in place of the old simple metering jet which device, along with the 
tendency toward boiling in the jet as referred to later, is the price paid 
by this design for elimination of intake-air preheat. Only a carburetor 
engineer can appreciate the metering problems involved, and the really 
fine work that Mr. Kittler and his associates have achieved in dealing 
with these difficulties. 

One of the problems that are more or less peculiar to this type of 
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Fig. A (Mock discussion) — The effect of fuel-boiling disturbance on flow-rate characteristics 


is illustrated 


carburetor is that of fuel boiling in the metering orifice, which problem 
has been referred to briefly by the author at the end of his treatment. 

If we set up a fuel metering orifice in equilibrium with its fuel supply 
chamber (so that, without suction, the fuel siands in a bead at the fuel 
outlet) and subject the fuel outlet to an increasing depression, the gen- 
eral law will be demonstrated that the flow rate increases as the square 
root of depression causing flow. This law seems rigorously true with 
non-volatile liquids. With relatively volatile liquids, however, a point of 
depression and temperature may be reached at which the fuel flow ceases 
to increase with increasing depression, instead it almost approaches a 
constant, as shown on Fig. A, herewith. This fact has been long known 
in physics and will be understood readily by those engineers familiar with 
fuel-refinery practice. 

In the particular experiments illustrated with standard aviation gasoline 
at 80 F, the break-away from normal metering occurred between 7 and 9 
in. hg depression. This break-away point was impossible to specify 
closely as it varied with every change in the fuel volatility. Also, the 
break-away point lowered about 1 in. hg for every 5 F temperature rise 
of the fuel. The author has guarded to some extent against this erratic 
action by “air-bleeding” his jet to reduce the depression value, and 1 
would say that, only with these precautions, is such a type of carburetor 
safe in warm weather. 

This boiling in the jet gives a definite negative answer to the question 
which may have occurred to some readers as to whether this type of 
carburetor can be used successfully in our motor cars. Aside from the 
lack of load compensation and metering difficulties, the high hood tem- 
peratures and increasing volatility of our motor-car fuels would certainly 
give boiling through most of the operating range. We even have had to 
take special precautions against boiling in the jet with a standard posterior 
throttle-type of automobile carburetor in which the depression on the jet 
does not exceed 3 in. hg. 

Another problem apparently not yet encountered by the author is the 
behavior and effect of bubbles coming through the fuel line of the air- 
plane—a phenomenon airplane engineers have just begun to observe, 
study, and marvel at how long such a common thing could have been 
overlooked. In the older float-type carburetors there was always a vent 
in the float chamber, and such bubbles as came in from the fuel line had 
a chance of escaping through the float vent without interfering with the 
metering although, even with the vents open, there were repeated in- 
stances of such interferences. When we do away with float vents to get 
a more maneuverable carburetor we, at the same time, compel all bubbles 
coming from the fuel line to pass through the metering orifice and, while 
this action occurs, accurate metering is gone. 

This point has arisen before in conjunction with fuel-injection systems, 
and was taken care of at Wright Field by the provision of a float- 
operated vapor vent trap, located on the fuel line near the carburetor. 
Other work along this line has been reported by Mr. Scudder of the 
Glenn-Martin Corp. Such a device would seem necessary with any car- 
buretor of the type here described. 


® See SAE Transactions, March, 1939, pp. 97-103: “The BMEP Param- 
on = Airplane Cruising-Power Control,” by R. E. Johnson and W. G. 
Lundquist. 





pt 28 
VMETERING HEAD — (DEPRESSION IN INS. HG) 


Vol. 45, No. 2 


One of the most interesting elements 
in this carburetor is the use of a 
diaphragm contro! for the constant- 
pressure fuel supply chamber. This is 
another of those instances which we 
so frequently encounter in which one 
branch of engineering contributes vi- 
tally to the progress of another. Dia- 
phragm regulation of the accuracy here 
required became possible only with the 
development of oil-proof “synthetic 
rubber.” Besides becoming a common- 
place carburetor element, these dia- 
phragms will be found useful for many 
other duties, for instance, in our estab- 
lishment they are employed for all sorts 
of control regulation, both in the Labor- 
atory and Production Departments. 

I would point out to the aviation 
fuel companies that, since these dia- 
phragms are becoming a regularly used 
carburetor component, each new fuel ele- 
ment which they propose to use should 
be tested to see that it does not harm 
them. Fortunately, the different Neo- 
prene compounds seem unaffected by 
any aircraft-engine fuels which have 
been used in this Country. We do find 
that the material is attacked by 100% 
42 benzol but not by a mixture of one- 

third benzol and two-thirds gasoline, 
nor by any of the lead blendings so 
tar employed. 
The author has made a _ laudable 
effort toward simple explanation of a 
rather complicated situation as regards 
mixture variation under speed and altitude changes. It may, perhaps, be 
in order to amplify this explanation. We have in carburetor phraseology 
two terms by which we characterize accuracy or uniformity of metering. 
When the fuel/air ratio is maintained uniform, at a fixed altitude, under 
change of air-flow rate, and at a fixed throttle opening under change of 
engine speed, we say that the carburetor has accurate “load compensa- 
tion.” For instance, on the flat part of the mixture-ratio curve of the au- 
thor’s Fig. 11 (the curve really should carry over flat until about 1200 Ib 
of air per hr, also it should be noted that this is a wide-open throttle 
curve as compared with the part-throttle propeller load curve of Fig. 1), 
it will be seen that, through quite a wide range of nozzle suction, the 
fuel/air ratio does not change. In other words, through this part of the 
air-flow range, such a curve represents correct “load compensation.” 

Then, referring to a point about 5 in. hg nozzle suction on the curve 
(which is about as high as should be safe to use in warm weather due 
to the jet boiling just described), the author already has explained how 
an increase of altitude will represent a slight decrease of air flow, and 
this decrease of air flow is accompanied by an inherent tendency of the 
curve to grow leaner, which tends to offset the enrichment of altitude. 
In other words, a slanted curve like this has a certain degree of “altitude 
compensation.” 1 would point out, however, that a diminution of ai: 
flow can also be obtained at constant altitude by slowing down the 
engine, for instance, by increasing the propeller pitch to get better cruis 
ing economy as has been pointed out in the paper by Messrs. Johnson 
and Lundquist*. Also, this condition is reached when the throttle is 
opened to the same point at a lower engine speed. Here the slant of the 
curve also gives us a leaning-out tendency, although we do not want it, 
in other words, a slant-curve characteristic gives “altitude compensation” 
at the expense of deficient “load compensation.” 

Let us now go back to the flat part of the mixture-ratio curve of the 
author’s Fig. 11 which had correct “load compensation.” It will be seen 
that, under change of air-delivery rate the mixture ratio tends to stay 
constant at fixed altitude, consequently, it will tend to obey the square 
root of density law of variation under change of altitude, and there is no 
inherent altitude correction. In other words, a flat characteristic curve has 
“load compensation,” but does not have inherent “altitude compensation.” 

The net result of all this in the carburetor here described is that the 
air/fuel ratio actually obtained is a complex result of engine speed, 
throttle position, horsepower output, and external atmospheric density, as 
is known to all those who work with this type of carburetors. However, 
we know that, by arduous and intelligent effort for which the author is 
to be congratulated greatly, it has been proved possible to maintain a 
fairly uniform air/fuel ratio at a constant cruising horsepower through 
a considerable range of altitude by selecting the needle taper, cam profile, 
and throttle opening with a view toward compromise, and provided that 
in operation the engine speed is maintained at a predetermined value. 

Mention should be made in discussion of the fact that the roller 
throttle here used has no basic advantage over a flat butterfly as regards 
throttle ice and that, in the position shown in Fig. 6 for instance, the 
circumferential face of the roller is more suited to ice deposition than the 
ordinary butterfly valve at equivalent opening. 
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Body Engineering — Past, Present 


and Conjecture as to Future 


By Edwin L. Allen 


Reid Products, Division of The Standard Preducts Co. 


HE development in constructional design 

which appears to be nearest at hand is the 
so-called unit construction, Mr. Allen believes. 
Rear-engine mounting is inevitable, he reasons, 
if cars are to become more blunt of nose and 
more tapered at the tail, but the change-over will 
evolve slowly. Speculating on future body mate- 
rials and processes, he first takes up the possibil- 
ity of molding the complete body in large sec- 
tions of some plastic material, giving his views on 
the improvements that must be made in the plas- 
tic materials and necessary changes in production 
equipment and processes. 

The three major periods — past. present, and 

future — are considered separately in the light of 
their influence upon: 


The body engineer himself, his development, 
his ever-changing responsibilities and opportuni- 
ties. 

Constructional design and probable reasons 
for adopting each successive type of construction 
used. 

3. Styling and contour changes. 
trends affecting outward appearance. 


illustrating 


S we visualize the automobile of the future and the 
A future body engineer, we ask ourselves these ques 
tions: 

“What will the car look like?” 

“How will it be constructed?” 

“What part will the body engineer play in its develop 
ment?” 

Of course we are not prophets but, just as the mathema 
tician uses known factors to determine the unknown, so must 
we review the known past if we are to predict the unknown 
future. 

It has taken more than forty years for the passenger car to 
evolve from a carriage without a horse to its present state. 





{This paper was presented at the oe Automotive Engineering Con 
zress of the Society, New York, N. . May 24, 1939.1] 
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Through it all, some quite definite trends in both styling and 
constructional design can be traced, and it seems quite prob 
able that some of these trends will carry over into the future. 


The Original Body Engineer 


The men who have designed, engineered and built the 
bodies for these cars also have gone through a transition. The 
scope of their duties, their responsibilities, and their vision has 
developed along with the bodies they have created. 

The proper starting point therefore for a résumé of body 
engineering in the past is with the old-time carriage builder 
who was the forerunner of our present-day body engineer 
His position was unique in the new industry. Although the 
chassis and motor designers had little or no precedent to 
follow, the body builder represented an old, established craft. 
It made little difference to him whether the vehicle was pro 
pelled by gasoline, steam, the body had to be con 
structed to carry people. The younger chassis men tried and 
discarded numerous types of engines, ignition systems, brakes, 
suspensions, final drives, and so on, while the older body men 
continued to build the type of body with which they were 
tamiliar and for which equipment already was available. 

Although this condition solved the body problem for several 
years, it was a retarding factor in the early advancement of 
design. In fact the ear-marks of the 
stayed with us for years. 


or Oats; 


horse-drawn vehicle 


Past Changes in Constructional Design 


Ot course, we all know that the first chassis were fitted with 
bodies which were practically interchangeable with those 
drawn by horses. A whip socket was standard equipment en 
several of the original models, and occasionally served a useful 
purpose. 

Judged by the standards of the day, the bodies were beauti 
ful. Ornamentation was obtained by fancy striping, curved 
dashes, scrolled pillars, and so on. Structurally they were 
really better than the rest of the automobile. Like the “won 
derful one-hoss shay,” these bodies were built to last. Even 
now museum pieces representing cars built at the turn of the 
century show surprisingly little deterioration of the body 
structure. 

The structural evolution of the body has been continuous 
but not always uniform. Certain revolutionary changes have 
occurred along the way. The first of these was probably the 
use of metal paneling in place of wood. The original method 
of steaming and bending poplar panels practically limited the 
outside body contours to a series of wrapped surfaces. Metal, 
which could be formed to various shapes, opened up new 
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fields in both the styling and building of bodies. It fitted into 
the demand for greater production, first by drop-hammering 
and power-hammering the panels, later by hydraulically 
stretching and, finally, by drawing and stamping them as we 
do today. 

Another notable change was the gradual transition from the 
open to the closed type of body. Up until the early 1920's the 
phaeton or touring car was our standard model. One repre- 
sentative manufacturer produced 10% closed bodies to 90% 
open in 1920. By 1928 this ratio was inverted, being 90% 
closed and 10% open. The sedan became the cheaper stand- 
ard model with a premium being charged for the touring and 
roadster body types. This year in this Country, the percentage 
of open bodies will run under 2% of the total built. 

Usually our advancement was prompted by popular de- 
mand. One step, however, was practically forced upon the 
public. This was the change within a few months from 
varnish to lacquer. Weeks of pampering were required to 
bring through a varnished job, and over half of the floor space 
of the old body shops was devoted to painting and drying 
operations. With lacquer, instead of a matter of weeks, it took 
a matter of days, and later hours, to paint a body, and the 
result was a much more lasting surface. 

For the last few years a gradual increase has been noted in 
the use of synthetic enamels, but the change is more gradual 
and the results are, to the layman, much less noticeable. 

Probably the greatest step forward in body construction was 
as slow to be adopted as the change from varnish to lacquer 
was rapid. This was the very logical change from composite 
wood and steel construction to all-steel. It took about 15 years 
from the time closed bodies of this type first were produced 
in quantities until all-steel construction was adopted univer- 
sally by the large producers. The original all-steel bodies were 
not the product we know today. Larger and better presses as 
well as wider and more ductile sheets had to be developed to 
keep pace with the steadily improving all-steel designs. 


Evolution of Contours and Styling 


If we consider the evolution of the automobile, and particu- 
larly the body, from the viewpoint of the stylist, the progress 
has been just as great as in construction. It has not, however, 
been as spasmodic. We can change construction without con- 
sulting Mr. Public but, when it comes to styling, we must let 
him in on every move. He will take just so much at a time, 
no more and no less. Every new model must be different. If 
not, we are old-fashioned. Still, if we go a little too fast, we 
are radical, and our car looks freakish. Our attempt to stay 
in the middle of the road probably accounts for the gradual 
style change which, although barely noticeable from year to 
year, is nevertheless constant and has followed very definite 
trends. 

If we were to line up a row of 32 standard sedans, one 
representing each yearly model from say 1907 to 1939, one 
trend would be apparent above all others. It would be the 
gradual removal of gadgets and unsightly projections, both 
from the outside and interior of the car. By 1907 bodies had 
lost many of their carriage characteristics, and a more or less 
definite style had been es*ablished. 

This 32-yr period is represented by the nine silhouettes in 
Fig. 1. For illustrative pii,voses I considered it sufficient to 
show one typical model tor each 4-yr interval. The nine 
typical models are all drawn to the same scale, so that a true 
comparison of the evolution can be seen. It is to be noted 
that the same wheelbase is used on all nine models, namely, 
125 in. The light line superimposed over each silhouette rep- 
resents the outline of the typical 1939 car, and clearly shows 
the gradual and definite trend towards today’s design. 

In glancing over the 1907 car we notice a dangling crank; 


two grotesque brass headlamps which harmonize with noth 
ing else on the car, a brass bulb horn complete with flexible 
tube and bulb, all exposed; a radiator filler cap about the siz« 
and shape of a pint milk bottle; two square pillar lamps (a 
hangover from the carriage days); a tool box and an acetylene 
gas generator on the running board. The absence of front 
doors exposes the steering column and wheel, gear shift, and 
brake levers and pedals. The fenders are flat, extending lik« 
fins to the front and rear of the car. 

If we were to walk along this line of old cars, we would 
notice that most of these gadgets have been removed, one 
by one. 

Along in 1915, Chalmers and Regal put the radiator cap 
under the hood. After all it was not used any more frequently 
than the oil filler. Why should they keep this unsightly wart 
exposed? But that change was too radical for the public. 
They were used to seeing a projection on the radiator and 
they wanted it. The car looked nude without it. Chalmers 
returned the cap to its public the following year. Regal held 
out one year longer. Other companies decided that if the cash 
customers had to have their radiator caps, why not dress it 
up? This started an epidemic of ornaments which is still 
with us. We finally got rid of the filler cap, but even today 
every car carries some sort of useless protuberance at this 
point, simply to remind us of what went before. 

Referring again to the row of 32 cars arranged in the order 
in which they were built, another outstanding trend would be 
almost as apparent as the removal of projections. I refer now 
to the gradual change in body contours. Considering first the 
side elevation of the 1907 sedan, the windshield was vertical. 
The roof was high and practically flat. The line down the 
rear of the body made a sharp corner with the roof and angled 
in toward the rear seat. 

In cross-section the roof was the widest part of the body. 
Side panels sloped in toward the bottom and ended in a turn 
under of 6 or 8 in. 

As we inspect one after another of these cars, we find the 
windshield tipping back and the rear line of the body straight- 
ening up, and finally tipping forward at the top. The rear 
turn-under gradually diminishes until it reverses itself into 
what we used to call the “fish tail.” The sides of the body 
follow a similar course. Instead of flaring out, they first 
straighten up and then “tumble home.” The lower turn-under 
diminishes until, by 1939, it is practically gone. 

The sharp corner between the roof and the body sides takes 
on a radius which gradually becomes larger and larger until 
it runs down part way into the doors. At the rear this radius 
increases until it forms a graceful curve which carries forward 
over the roof to the top of the windshield and down over the 
rear panel to the bottom of the body. The old “ball head” 
which was a headache to body draftsmen, has appeared and 
disappeared. 

During this evolution of the roof line and rear turn-under, 
the trunk plays an important part. Originating as a rec- 
tangular box, the first alteration is the angling of the line 
adjacent the body to follow the rear turn-under. Then the 
outside corner is rounded off. Next the trunk is joined to 
the rear panel, being set in to form a sharp line. This joint 
between trunk and body takes on an ever-increasing radius, 
until the trunk becomes that portion of the body which has 
been blended into the so-called streamlined tail. This final 
elimination of the trunk bulge has not yet been completely 
accomplished. This year one of the large producers has re- 


turned to a definite trunk outline which joins the body at a 
sharp angle. 

On the same wheelbase both the front and rear-seat pas- 
sengers have been shifted forward until they ride lower and 
This development, together 


are cradled between the axles. 
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with lower chassis height and less headroom, has brought the 
roof appreciably lower. 

If we stand off and look at all of the 32 cars at once, we 
wonder why it took so many years to accomplish what appear 
to be such logical trends. 


These trends very seldom have 
faltered from their course. 


The few models which deviated 
periodically came right back in line or did not survive. The 
reason was not because we did not recognize the trend. It 
was obviously because public acceptance cannot be rushed 
overly. 
Body Engineer of the Present 

Going back to the body engineer himself, what is his sta 
tus at the present time? Like all other types of automotive 
engineers he has had to specialize. Not many years ago, we 
had over roo thriving automobile and body companies. Each 
organization had its body engineer who was a general all- 
around body man. Recently, with the diminished number ot 
independent automobile and custom body manufacturers and 
the growth of the larger corporations, the need for men to do 
general body engineering work has dwindled. However, the 
demand for specialists has increased greatly. The term, body 
engineer, now embraces many variations of the body-building 
art. It includes the stylists whose job it is to create designs 
for complete cars so that they will present an harmonious and 
pleasing appearance. It also takes in those who specialize in 
constructional design and prepare the stylists’ creations for 
the production departments. Then there are mechanical 
parts experts working on nothing but door locks, window 
regulators, ventilators, and various other items of hardware, 
as well as the welding experts, tool and die men, trim engi- 
neers, contact engineers, experimental body engineers, produc- 
tion engineers, and many others who all come under the 
broad heading of “body engineer.” 


Present Structural Design 

Structurally, the body of the present apparently has settled 
down to a more or less definite type of all-steel construction. 
There are differences, of course, but they are minor. Roofs 
are one-piece steel stampings. On some jobs, the body sides 
are stamped as units, on others, the pillars are separate parts 
welded in place. The first all-steel door used a built-up welded 
frame with the regulator panel welded in place and the outer 
panel clinched on. Later the two-piece door was popular, one 
stamping forming the complete door frame including pillars 
and inner panel which together, when clinched with the outer 
panel, completed the door. The original built-up construction 
seems to be gaining again in popularity and is being used on 
several of the larger production bodies designed for 1939. This 
is undoubtedly due to two factors; first, a saving of material 
is effected by the use of narrower blanks; second, the produc- 
tion variations of the smaller parts can be absorbed in the 
final welding fixtures, while distortion in the one-piece inner 
panel is hard to eliminate. 

As a direct result of the efforts of the various specialists in 
body engineering, we are able to produce better and safer 
bodies than ever before, and on a production scale that would 
have been considered impossible a few years ago. Hardly an 
operation remains that requires a skilled craftsman. Less and 
less metal finish and solder are required and power hammer- 
ing is almost a lost art. Painting operations are becoming 
more and more automatic, and trimming is little more than a 
matter of snapping prefabricated panels into place. 

Present-Day Styling 

From an appearance angle the present-day models are prob 
ably nearer to a type than they have ever been. The layman 
has difficulty in distinguishing one make from another. This 
condition is due partly to the fact that the same bodies are 
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Fig. | — Evolution of automobile body design for the past 

32 yr can be observed by comparing the 9 silhouettes with 

each other and with the superimposed outline of the 1939 
model 


used on cars marketed under several different names. To 


differentiate between these cars the manufacturers must de 
pend on applied moldings, ornamentation of grilles and hood 
sides, varied fender contours, and so on. 

When we see several new cars of different makes come out 
with styling which is fundamentally identical, it almost looks 
as though some copying were resorted to. However, when 
we consider how cautious each manufacturer feels that he 
must be, it is not surprising that several stylists, working in 
dependently, should arrive at very similar conclusions. 


The Body Engineer of the Future 

The foregoing briefly disposes of the body engineer of the 
past and present, and of body engineering trends, past and 
present. What remains is the important question: where do 
we go from here? Please keep in mind that, thus far, we 
have had history to back us up but, from now on, it is pure 
conjecture. 

First, the body engineer, what is to become of him in the 
future? We have seen him evolve from an all-around body 
man to one of a group of specialized experts. This trend 
undoubtedly will continue with one notable difference. Up 
to now, the executive engineers and chief engineers of our 
automobile companies almost invariably have come up through 
the chassis and motor branch of the profession. The term 
“body,” which Webster defines as “the main or principal 
part” has, during the past, been a misnomer. Although the 
body has been the largest part, we must admit that it has 
been subordinated to the chassis. However, if the trend is 
toward frameless cars and motors mounted in the body struc 
ture, then certainly the body will come into its own as being 
the undisputed “main part.” The high-ranking engineers 
must be primarily body men because the body will be the 
main, central structure to which every other major part will 
be affixed. 

Naturally there will not be enough of these executive jobs 
to go around, but there should be no dearth of opportunities. 
We will specialize more than ever before. We already have 
experts in nearly every conceivable phase of body work, but 
there will be finer subdivisions made and more jobs created. 
It probably will not be long until one engineer will be respon- 
sible for nothing but the plastics used in bodies, such as in- 
strument panel covers, garnish moldings, hardware trimmings, 
and no doubt many parts we have not as yet considered 
molding. Even now manufacturers are laying more emphasis 
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upon the distribution of strength in a body and are charting 
stress diagrams of the completed structure. This work will 
mean more jobs in body engineering departments. Styling 
departments will become more highly organized, and the 
work will be divided among specialists in various branches 
of art and color work. Body drafting, mechanical-parts de 
signing, body experimental, and especially production-engi 
neering departments will be broken down into finer divisions, 
all of which should absorb the supply of young men interested 
in following body enginee-ing. 


Rate of Future Development 


Considering new developments in body construction and 
styling, the fucure does not look so promising. I do not mean 
that we have even approached the ultimate in design. In 
fact, if the next 20 years were to show as much progress as 
the last 20 years, the car of today would be antiquated in a 
very short time. Unfortunately, retarding factors have crept 
into the industry which already have started to show their 
effects. To appreciate fully these decelerating influences, it 
will be helpful ‘to think back again about 20 years and con 
sider the conditions existing during that period which ac 
celerated progress - conditions which have practically ceased 
to exist. 

Twenty years ago every engineering department in more 
than 100 independent automobile companies was assigned 
the job of creating at least one original idea annually. Each 
of these departmemts was headed by an executive qualified 
and authorized to make final decisions. Is it any wonder that 
each year would bring out some new body feature which, if 
it contained merit, soon was adopted by the industry? 

Today our engineers are just as numerous and just as in 
genious but, by the time their ideas reach the few individuals 
authorized to make decisions for the whole industry, it is not 
surprising that the results are not startling. 

These roo relatively small production organizations could 
afford to take risks, and did. To tool up for a new line of 
bodies using the existing production facilities of their day 
meant an outlay of a comparatively small amount of money. 
Dies were smaller and usually produced only the drawn shape 
of the stampings. Trimming was done by band saw or rotary 
shear, flanging was by hand or air hammer, and notches and 
holes were single-pierced. The design was relatively flexible 
and, if a new model did not click, it could be altered with 
little loss. Today the expenditure of several millions is neces 
sary to produce a new model. Enormous dies, expensive 
special welding equipment and many jigs and fixtures must 
be built so that hand work can be kept to a minimum. 

Where the public used to be the balance wheel to keep us 
from becoming too radical, it is now the industry itself. A 
corporation with so much involved just cannot afford to make 
a mistake. It must be cautious and feel its way on future 
developments. This condition makes for progress in produc 


tion methods, but is not conducive to radical departure in body 


design. 

Another source of novel ideas in the past, which has dimin- 
ished through the years, was the custom body builder. He 
came closer to feeling the pulse of the actual body user than 
anyone else in the industry. He could and did make what 
his individual customer wanted and many custom bodies 
virtually were designed by the buyers. Hardly a line or dis 
tinctive feature found its way to the production body which 
had not first been used at one time or another by a custom 
body builder. 

Certainly no one would advocate reverting to the old way 
of doing things. We cannot deny that much better, safer, 
and more comfortable bodies are produced now than ever 
before, and within the reach of many more people. But 


neither can we deny that we are not now set up to progress 
by leaps and bounds. 

Naturally we are going forward and some means will be 
devised to present advanced ideas to the public. There are 
many prospective automobile buyers in this country who 
would like their car to be somewhat distinctive and who 
would pay a little extra for a car that passersby would turn to 
look at. It seems surprising that one of the larger corpora 
tions has not gone after this market by bringing out a sort of 

“guinea-pig” car in relatively small quantities. It would serve 
the dual purpose of supplying the man who likes to be a 
little extreme and of feeling out the general public as an in 
dicator of future changes on the larger production models. 

When radical departures do come, they possibly may 
originate abroad. Europeans have made a point of producing 
more different models and in smaller quantities than have 
Americans. In fact, several of the types we are to discuss as 
representing the possible body of the near future in this 
Country already are being used abroad. 


Future Constructional Design 


The development in constructional design which appears 
to be nearest at hand is the so-called unit construction 
Through the years bodies have been built of progressively 
larger and fewer pieces. It seems logical that this trend will 
continue and that the body will take over the work done by 
the chassis frame. The body sills have been getting lighter 
all the time until now they are not much more than ties to 
hold the body together until it is mounted. Nevertheless, we 
still have two structural members running parallel, the sill 
and the frame side-rail. The completed car needs only one. It 
we put it all into the frame, we would have no bottom connec 
tion for our pillars and could not hang the doors before mount 
ing. If we redesign the sill to carry the load, we eliminate the 
frame and the result is unit construction. The Citroén and 
Adler !.uve used this construction successfully in Europe for 
several years, and the Cord employed a frame only from the 
dash forward. These were all front-drive cars with a rela 
tively light gage, boxed section sill which probably 
have to be somewhat heavier for rear drive. 

One obstacle to be overcome if or when we go to the unit 
construction design is the annoying road noise or rumble 
Vith no suitable cushioning means between the running gear 
and body, this noise becomes very objectionable over rough 
roads or worn brick pavements. Unlike the higher pitched 
sounds in the panels which can be damped with deadener, 
these low-frequency rumbles are very hard to control. 

Another objection to be considered is the handling of the 
larger unit through the progressive production operations. 
Larger ovens and greater spacing of the bodies on the con 
veyors naturally would be required. But, if economies in 
weight and assembly operations could be realized, the neces 
sary plant alterations could certainly be made. 

Unit construction would make it possible to hang and fit 
the doors finally in the body shop. They would not be sprung 
out of alignment later by body bolts and require shimming. 

Two types of construction which will unquestionably come 
up for consideration in the future are, first, the front-motor 
front drive and, secund, the rear-motor rear drive. Both offer 
decided advantages from the standpoint of the body designer. 
Vith no propeller shaft to clear, the floor can be flat and low. 
The arrangement of the seats and the comfort of the pas 
sengers may be given primary consideration. Overall height 
and the center of gravity of the car would be lowered with 


either type. 


would 


Both arrangements have been tried, but neither ever has 
been adopted for large quantity production in this Country. 
The front-drive principle can be embodied in 


a car of con 
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ventional lines without altering its outward appearance ap- 
preciably. The principal drawback, therefore, is not the body 
or appearance, but probably the fact that it requires a costly 
change from the conventional in practically all of the me- 
chanical units. Also, many engineers are not convinced that 
the best distribution of weight for proper traction has yet 
been obtained. 

As to the rear-engine rear-drive car, the weight distribution 
also must be carefully analyzed to insure proper handling 
and roadability. Anyone who has driven the Scarab car at 
high speed is pretty well convinced that this problem has 
been solved. 

We will discuss streamlining more fully later on but, while 
on the subject of rear-engine cars, it must be considered 
briefly now. If cars are to become more blunt of nose and 
more tapered at the tail, it would seem that rear-engine mount 
ing is inevitable. The pointed tail will be too small to clear 
passengers and larger than necessary for luggage. But it will 
be ideal for housing an engine and all of its accessories. 

This change-over from front to rear engine mounting will 
not be made arbitrarily when the industry so desires because, 
with the conventional car, it would alter the appearance too 
suddenly. ‘Tailors might as well decide to remove the lapels 
from our coats as for us to remove the hood from a car all at 
once. We gradually must make the front end heavier, the 
hood shorter, and the tail more tapered. When we get to the 
point where the motor can be shifted from one end of the 
car to the other without greatly affecting the outward appear 
ance, we can make the change. Even then the car undoubt 
edly will be left with a rudimentary hood which will take 
several more years to atrophy. Undoubtedly motor designers 
will assist in this change-over. The weight and size of engines 
gradually have been reduced without any sacrifice of power. 
With the benefit of research in the airplane field, this tendency 
certainly will continue, making it increasingly easier to tuck 
the powerplant away in a smaller space. 

In describing the evolution of the body of the past, we 
noted the definite trend toward the elimination of projections. 
We surely will go further. True, most projections have been 
removed, but two notable exceptions remain, namely, exposed 
door hinges and exposed door handles. Exposed hinges are 
even now on the way out. On some models we miss them 
from the top position; on others, from the bottom. One new 
body has them concealed only at the top of the front door and 
the bottom of the rear. Another has moved them all out of 
sight, while others still have them all exposed. They are a 
detriment to streamlining and appearance and certainly can 
not last. 


Exposed Door Handles Doomed 


Exposed door handles were removed for several years on 
touring cars but, with closed bodies, handles always have 
been put on the outside. This arrangement certainly was not 
done for added beauty, but simply because the inside handles 
could not be reached. Handles mar an otherwise smooth 
exterior and are a constant source of danger, especially to 
pedestrians. It is true these handles are not the sharp stilettos 
which were in vogue a few years ago, but they are doomed 
nevertheless. 

One well-known body engineer visualizes the body of the 
future as a four-piece assembly of completely finished units: 
an under body, a front end, and two sides. The body never 
would be a complete unit until the four assemblies were 
brought together. The underbody, including the functions 
of the chassis, would form the foundation for the final as- 
sembly. The front end, composed of the dash, cowl, wind- 
shield and instrument board, would be fastened to this under- 
body. Finally, the two finished sides, trimmed, painted and 
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htted with doors, windows, and so on, would be assembled 
into place. These sides would extend from the underbody 
to the center of the roof where they would be joined, the 
joint running lengthwise from the windshield header ove: 
the roof and down the back of the body. 

All four units would be finished, painted and trimmed in 
the body plant. Each side unit would be trimmed lying flat 
with trimmers and fitters working around it instead of 
crawling in and out of a body. In shipping from body plant 
to assembly plant, either across town or to distant branches, a 
definite saving in space would be realized. The number ot 
units which could be nested on a trailer or loaded into a box 
car would far exceed the number of bodies. 

Very frequently in the last few years body engineers have 
been told that they should learn a lesson from the airplane 
builders and design their bodies strong and light. In fact, sev 
eral predictions have been made to the effect that the body 
of the future will be of light, welded, tubular construction 
with a skin of fabric or light metal. The advocates of this 
type of body apparently lose sight of the fact that about the 
only point of similarity between an airplane cabin and an 
automobile body is that they both carry passengers. In prac 
tically all other respects the problems are very different. When 
an airplane crashes, we hear no criticism of its designer when 
the cabin cracks up; however, the automobile passenger ex 
pects to bounce his car off a telegraph pole, roll over and 
over, open the door, step out and brush himself off —as he 
very often does. If our cars always stayed on the road, | 
would say that we might build airplane-type bodies but, unti! 
they do, we must continue to construct the bodies to with 
stand a terrific impact without crushing. 

Going a step further into the future, is there a possibility 
of the complete body being molded in large sections of some 
plastic material? Research in this field already is progressing 
in the airplane industry, but again body engineers must re 
member safety. A great saving in weight may result, but first 
some improvements must be made in the materials now avail 
able. The present phenol-formaldehydes are too brittle even 
when impregnated into fabric. The cellulose-acetates and 
vinyl derivatives are probably sufficiently tough, but they are 
thermoplastic. Under an extreme tropical sun, the body and 
doors, no doubt, would warp and distort. Progress is con 
tinually being made in improving the weather resistance and 
in raising the softening point of these materials. However, 
even when this improvement is accomplished, it probably wil! 
be necessary to mold in metal inserts to reinforce vital parts, 
as it would be technically difficult and economically objec 
tionable to mold the plastic thick enough to provide sufficient 
strength for an automobile body. 

Even when the suitable molding material and methods are 
worked out, how long will it take for the industry, set up as 
it is now, to receive it? A complete change-over in equip 
ment, production methods, and training of employees would 
be necessary. It would be much more drastic a change than 
was the shift from wood and steel to all-steel. However, con 
sidering the growth of the plastic industry in the last few 
years, I doubt if any of us dare state that we will never mold 
our bodies. 

Will complete body air conditioning come, and if it does, 
what changes will it bring? Several years hence I believe we 
will consider car cooling of even more importance than heat 
ing. Cars are shipped to parts of the world where a heater is 
never required but, in no place where they are used in quan 
tities, does it fail to get quite hot in the summer. 

With air conditioning will come the necessity for more 
adequate sealing of doors and windows.’ With the possible 
exception of a small sliding panel next to the driver, windows 
will be sealed permanently. This requirement will open up 
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Fig. 2— The top six silhouettes trace the evolution in body de- 
sign from 1919 to 1939; the bottom three show what we may 
expect in the future 


an entirely new method of constructing doors. The elimina 
tion of window regulators and glass run channels will allow 
us to thin up the door structure so that the inside contour 
will follow parallel to the outside shape. The door will only 
be thick enough to give it adequate strength. New problems 
in door latching and hinging will arise which will have to be 
worked out before we can take full advantage of the added 
space available. 

Trimming has made great strides so far, but it usually has 
been along the lines of easier application and reduced cost. 
We used cloth to line carriages, and we still use cloth. Some 
day we may have a more sanitary and durable means ot lining 
the sides and top. Two methods suggest themselves. First, 
a fiber board impregnated with some resinous substance, and 
second, a method of finishing the flat sheet metal on both 
sides before forming the outside panels, thereby presenting a 
finished surface inside of the car. A similar method already 
has been used on instrument panels and garnish moldings. 

Cloth probably will stay with us for some time as a cushion 
covering but, with the use of foamed rubber cushions or pads, 
we may find a way of flocking the nap directly to the rubber 
to provide a finished appearance. 


Future Styling 


Considering now the appearance of future bodies, I believe 
we can learn a great deal from established trends, principally 
that any change must be gradual. Of course, progress in 
styling may be accelerated somewhat by the fact that the 
erstwhile male prerogative of selecting the automobile now has 
become very much a family affair. Certainly women have 
accepted changes in clothing styles much more readily than 
men, and we may have to progress faster to satisfy them, but 
fast or slow, the trend probably will be along the lines already 
established. 

The first six silhouettes in Fig. 2 trace the evolution from 
1919 to 1939; the last three show what we may expect in the 
future. The last three designs are not dated as it is more 
difficult to predict the precise time of embodiment than to 
foresee the future trend. It is to be noted that the overall 
height of these future cars is no less than the 1939 model. The 
floor may be lowered a few inches, but passengers are not 
going to be any shorter and I believe we have just about 


reached the minimum in headroom. The overhang to the 


rear of the rear wheels is also no greater than in 1939. If we 
increase this overhang much beyond 45 in., the tail will scrape 
on a steep driveway and, in pulling away from a curb, the 
rear end will sweep out over the sidewalk. 


If we cannot go lower or to the rear, and we certainly do 
not want to go higher, only two directions remain — forward 
and out. Evolution in both of these directions is already in 
progress. Our passenger compartment is being shifted gradu 
ally forward and our bodies are encroaching on the fenders 
and running boards every year. 

The last silhouette presupposes a car in which the engine 
is mounted in the rear, and the body sides extend clear to the 
outside of the car. The engine probably will be shifted from 
front to rear, somewhere between the first and second future 
silhouettes, leaving a small dummy hood. The last remaining 
projections will be the front and rear bumpers and their 
guards. When the body sides reach to the outside of the 
running boards, it will be necessary for us to provide protec 
tion all around the car. The bumper will then take the form 
of a band, possibly of molded rubber, completely encircling 
the car. 

Ot course these future designs, especially the last, would not 
be beautiful to many people at the present time but, when we 
admired the 1919 creation, our 1939 car would have appeared 
freakish. Our idea of beauty in an automobile is ever 
changing. 

It is interesting to note that, as we have given our passengers 
more available space in the body and put the driver up where 
he has better vision, we gradually have worked in the direc 
tion of streamlining. 

Speaking of streamlining, the ballyhoo which for several 
years accompanied this overworked term has somewhat died 
down in the automobile industry. This condition is probably 
due to the fact that streamlining reached the point where it 
was checkmated by lack of vision. With the two working 
against each other, vision won out and it undoubtedly will 
continue to do so until an acceptable, curved, transparent 
medium is developed which can be made to follow the body 
contour. Curved, shatterproof glass is relatively expensive 
and difficult to handle in production. Several clear plastic 
materials have been developed which can be curved and are 
flexible enough to conform to production variations at as 
sembly but, so far, these materials are too soft to withstand 
the abrasive action of road dust. When a material and process 
is developed which will enable us to use curved window lights, 
it will open up a new field in design and will again release 
streamlining. 

With all the talk about streamlining, how tar did we ac 
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Fig. 3-Streamlined bodies always are visualized as travel- 

ing with their heavy end forward as shown at the top of the 

sketch, but present cars with their pointed hoods would seem 
to be streamlined in reverse as shown in the lower half 











September, 1939 


tually get? The following is an interesting experiment to 
answer this question: 

We are all familiar with the outline of a true airfoil shape. 
Shut your eyes for a moment and visualize a lot of little 
streamlined bodies in motion, as shown at the top of Fig. 3. 
Naturally they will be traveling with the heavy end forward. 
Then walk to the window and look at the cars below. They 
will appear to be almost perfectly streamlined, as at the bot 
tom of Fig. 3, but they will also appear to be moving back 
wards. The present cars with pointed hoods are particularly 
well streamlined — in reverse. 

Streamlining will come eventually, not so much because of 
its practical value, but because it will be necessary to keep 
step with our future conception of beauty in motion. Sinc« 
history began we always have envisioned a pointed arrow 
shape as indicative of speed. We know now that the arrow 
was pointed to pierce solid objects and not the air. Thanks 
to the airplane, the layman’s conception of a fast-moving 
object is changing gradually trom the point in the front to 
the point behind. (See Fig. 4). Sooner or later we must 
give this to him in a car if it is to have grace and indicate 
speed. 

If we consider the projected area of the present-day car on 
the ground, we find that we are losing anywhere from 5 to 7 
cu ft in every body. This space could be utilized by extending 
the body sides out until they include the running boards. A 
change of this nature would be too sudden to accomplish all 
at once as it would affect appearance materially. In checking 
up on the trend of the side turn-under in the past, we can see 
that an evolution in this direction is already under way. Turn 
unders are diminishing; running boards are becoming nar- 
rower; and, on some new models, the lower portion of the 
doors flare out slightly. One car has added a skirt to the door 
bottom which completely covers the running board. 

At present, this skirt is a separate panel and juts out 
abruptly from the door bottom with no fillet between the 
two. The next step will be to make it a part of the door 
panel, probably flowing into the door with a small radius. 
This radius will enlarge gradually and the door move out 
until the sidé of the body eventually will line up with the 
outer edge of the running board as indicated in Fig. 5. The 
running board will then be sort of an inside step or, if the 
floor has been lowered sufficiently, it will be eliminated. When 
this evolution has been accomplished, the fenders will have 
heen absorbed by the body and the inside capacity of the body 
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Fig. 4—As an arrow is envisioned as indicative of speed, so 
the layman's concept of grace and indicated speed is chang- 
ing so that the point in his body design is at the rear 
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Fig. 5—From the present design in which the skirt juts out 

abruptly from the door bottom, the next step will be to have 

it flow into the door with a small radius, then the radius 

will be enlarged gradually and the door moved out until the 

side of the body lines up with the outer edge of the running 
board as shown 


will have been increased materially without affecting the 
overall width of the automobile. 

It is interesting to note at this time that the first strictly 
body paper ever to be presented to the Society also dealt with 
the future. In 1914, Hinsdale Smith of the Springfield Metal 
Body Co. read a paper entitled: “Tendencies in Body Design.” 
It will be gratifying, 25 years from now, if we find that we 
have called our shots as accurately as did Mr. Smith. A 
quarter of a century ago, he predicted an increasing demand 
for closed bodies and a larger proportion of the two-door, five- 
passenger type. He foresaw that tendencies in design were 
toward streamlining, that the rear would be extended to en- 
close the spare tire, that corners would be rounded off and 
that all projections would be removed. 

So far our comments on the future have been based largely 
upon existing knowledge. Sometimes reasoning of this nature 
is apt to make us ultra conservative. It is reasonable to expect 
that some entirely new materials and methods are yet to be 
discovered and exploited. 

Although admittedly guessing, we may as well become 
visionary. For example, must we continue to stamp our body 
panels? Is it beyond the realm of possibility to die-cast them 
directly from steel or some other material? We very care- 
fully roll steel into a flat sheet and then proceed to wrinkle 
it up into intricate shapes. What a short cut it would be to 
inject the liquid material directly into the finished form! 
Some day, die or mold materials may be developed to with- 
stand the necessary temperatures and pressures to accomplish 
this purpose, or a casting alloy produced which will not re- 
quire them. 

A great deal of thought has been given to the spraying of 
molten metals. Many alloys, including tool steel, already can 
be handled in this manner. Small die cavities are now being 
made by spraying steel on a mandrel. When the mandrel is 
removed, an excellent finish results. Imagine a large sectional 
mold the size of a body, with the inner surface highly pol- 
ished. Metal, or some suitable material, is sprayed on to the 
inside to any desired thickness, depending upon the strength 
required at different places. When the mold is removed, the 
outside of the one-piece body shell presents a finish which 
would surpass present stampings. By this time, we will have 
learned to pre-color the metal or molding material so that it 

(Concluded on page 384) 











Feathering Propellers in Airline 


Transport 


Operation 


By M. G. Beard and E. W. Fuller 


{merican 


HE feathering propeller meets two fundamen- 

tal needs in airline operation which the con- 
stant-speed propeller cannot meet, the authors 
explain. First, by stopping the rotation of an 
engine and propeller in flight. it protects the air- 
plane from catastrophic vibrations occasionally 
set up by mechanical failures of engine and pro- 
peller. And the second fundamental need, they 
state, is that the feathering propeller decreases 
the drag of an inoperative propeller, thereby in- 
creasing the performance of a multiengined air- 
plane with one or more engines inoperative. For 
these reasons, they point out, the feathering pro- 
peller has been accepted by leading airlines as 
the answer to their immediate propeller needs. 


In this paper the full-feathering principle is 
explained as applied in two distinct propeller de- 
signs. 


Performance figures are given for twin-engined 
air-transport planes with and without feathering 
propellers, and the importance of the feathering 
propeller in the operation of four-engined air- 
planes and its beneficial effect upon their twin 
and triple-engine performance are pointed out. 
Propeller icing, pertinent flight test data, the value 
of the feathering propeller in studying propeller 
ice in flight. and future propeller design trends, 
also are discussed by the authors. 


S early as 1930 designers of commercial airplanes antic: 
A pated higher performance with the advent of the two 
position propeller for commercial use. The fixed-pitch 
propeller had about reached its limitations in take-off, climb, 
and cruising performance and, during 1930, two outstanding 
airplanes for airline use were being designed with the specific 
intention of mounting a controllable-pitch propeller which 
was soon to be available. 
Although the two-position controllable-pitch propeller in 





{ This geowe, was presented at the National Aeronautic Meeting of the 


Society, Washington, D. C., March 16, 1939.] 
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firlines. Ine. 


it Was soon eviden! 
that it had inherent limitations which could be overcome by a 
propeller designed to turn any desired rpm regardless ot 
engine power and airplane speed. On take-off the two-position 
propeller imposed a power limitation on the engine because 
the low pitch had to be set at a compromise between zero au 
speed and single engine climbing speed. This setting would 
not allow full rated rpm at the start of the take-off and neces 
sitated throttling back the engine shortly after the plane was 
off the ground | in order to prevent excessive engine rpm as thx 
r speed increased. 


creased airplane performance materially, 


In climb the two-position propeller im 
on a limitation on airplane performance because, in low 
pitch, the engine had to be throttled continually to prevent 
excessive engine rpm. In high pitch low rpm at low-density 
altitudes required excessive manifold pressure to obtain cruis 
ing power, causing undesirably high bmep. In eornang 
from high altitudes, the optimum high pitch setting prevented 
the use of cruising power without excessive rpm. 

In 1935, the advent of the constant-speed propeller in airlin: 
operation largely overcame the limitations of the two-position 
controllable propeller. The entire airline operating personne! 
was very much elated with this propeller, especially the pilots. 
because of its great flexibility in operation under all flight con 
ditions. This flexibility was made possible by the addition ot 
a governing device w hich controlled the pitch of the blade to 
maintain any desired engine speed, the control of the speed 
being in the hands of the pilot. Details of this device will be 
described later in this paper. 

Very early in the use of single-engine transport planes 1 
was evident to operators that a device for preventing th 
propeller from turning the engine in flight after a mechanical 
failure had occurred would be desirable. In some cases « 
mechanical failure caused such severe vibration that the engin« 
was ripped out of the airplane. This vibration could be pre 
vented if the windmilling of the propeller could be stopped 

When multiengine airplanes came into use on the airlines, 
especially after the advent of the high-performance airplane. 
it became evident that additional performance in emergency 
operation could be gained provided propeller drag could be 
reduced to a minimum by braking or feathering the propeller 
of any inoperative engines. Experimental data soon proved 
that braking the propeller with the angle of the blade set to 
the maximum allowable high-pitch limitation of the constant 
speed propeller actually caused a reduction in performance 
However, brakes were used because of the necessity, particu 
larly on long oceanic flights and over mountainous terrain, of 
protecting the ship from catastrophic vibration in some cases 
of mechanical failure. Propeller brakes also had other rathe: 
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serious limitations. The propeller brake shoes had to be pro 
tected completely from engine and propeller hub oil in order 
to maintain dry surfaces which could act immediately in 
stopping the propeller, as the brake drum would overheat and 
burn out the lining if the propeller continued rotating more 
than 25 sec. Thus, the propeller brake at best was not a 100% 
protection against vibration from mechanical failure. 

The electrical controllable-pitch propeller was under devel- 
opment as an Army project, but in 1935 was not in general 
airline use. This propeller has a hub which rotates the blade 
to any desired angle so that engine and propeller can be 
stopped in flight. At that time all hydraulically operated pro 
pellers had certain pitch limitations which would not permit 
the blade to “feather” or, in other words, rotate to an angle of 
zero torque which would stop the propeller from turning. 
Since, with the advent of the constant-speed propeller, all 
commercial airlines were using hydraulically operated pro 
pellers, the industry necessarily awaited the development of 
the feathering feature for this type of propeller in order to 
gain the desired increase in performance and protection from 
mechanical failure already mentioned. This feature for the 
hydraulically operated propeller was offered to the airlines in 
1937, and came into general use in 1938. This discussion will 
be limited to this late Hydromatic design and the current 
electrical design. 


Types and Installations 

Che electric constant-speed and feathering propeller is oper 
ated from the airplane source of electrical energy. The prin 
cipal parts of the propeller are illustrated in Fig. 1. It operates 
as follows: 

Twelve volts ot electrical energy for changing propeller 
blade angle pass through brushes mounted in a housing rigidly 
attached to the engine nose section to slip-rings mounted in 
the rear boss of the propeller hub and thence to the pitch 
changing motor through connector leads in the hub. The 
electric pitch-changing motor is mounted on the extreme front 
of the hub and controls the blade angle through a two-stage 
planetary-gear speed reducer which drives a power bevel gear. 
This gear meshes with bevel gears attached to the shank of 


each blade. 
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Fig. | — Unit parts of elec- 
tric constant-speed and 
feathering propeller 
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Constant-speed control of the propeller is obtained by use of 
an engine-driven governor of the flyball spring type which 
operates the pitch-changing motor by means of an integral 
switch so as to change pitch as required to hold constant 
engine rpm. Governor spring tension and, therefore, engine 
rpm is controlled from the cockpit by means of a linkage. The 
governor energizes the pitch-changing motor with current and 
impulses, the length of which is determined by the magnitude 
of the pitch correction needed to correct for any particular 
instantaneous off-speed condition. 

Since the propeller inherently is a full-feathering type, it 
can be feathered at a normal rate of pitch change without 
auxiliary equipment. For certain types of operation it is ad- 
vantageous to feather at a faster rate. When this fast feather 
ing is required, there is available a special light-weight feather 
ing unit which may be used with any model propeller. This 
unit is a dynamotor-type voltage booster which increases the 
normal 12-v potential of the battery to 48 v, thus quadrupling 
the voltage to the propeller pitch-change motor and reducing 
the time required to feather to one-quarter of the time on 
normal battery potential. Feathering time is thus reduced to 
10 to 15 sec from full low pitch. 

Fig. 2 shows the governor which mounts on a special pad 
on the engine nose section. Fig. 3 is a view of the assembled 
propeller hub and clearly shows propeller slip-rings and pitch- 
changing motor. Fig. 4 shows a typical electric propeller 
installation as installed on a single-engine plane. Current 
passes from the battery to a switch panel from whence it goes 
to a relay which connects to the governor control circuit and 
the propeller. The operation of the component parts of this 
installation are now referred to in Fig. 5 illustrating governor 
action, relay action, and switch positions for normal propeller 
operation and propeller feathering. 

The figure shows the operation of the propeller at an rpm 
previously selected by the pilot who has set the governor. 
Governor contacts are open and the propeller control relay 
unenergized, since the propeller is “on speed” and the flyball 
forces of the governor exactly balance spring tension. If the 
propeller has a tendency to under-speed the governor spring 
will overcome flyball force and energize the propeller control 
relay, applying potential to the increase rpm slip-ring causing 
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Fig. 2- Electric propeller governor 


the pitch-changing motor to reduce propeller pitch. It the 
propeller has a tendency to over-speed, flyball force will over 
come spring tension and energize the opposite pole of th 
relay, applying potential to the decrease rpm slip-ring, causing 
the pitch-changing motor to increase propeller pitch. 

Manual control and selector switches are also shown in 
Fig. 5. Control of the propeller is arranged for optional auto 
matic, constant-speed or manual selection by means of thes« 
switches. The manual control consists of a momentary con 
tact toggle switch by which propeller pitch may be adjusted to 
obtain any desired rpm with precision. When the manual 
control switch is off, the propeller remains in fixed pitch at 
the point in the operating range at which it was set when the 
switch was last operated. When using manual control it is, 
of course, necessary to throw the selector switch to the manual 
position and thus de-energize the governor. When it is de 
sired to feather the propeller, the feathering switch at the 





upper right of the figure is used. For constant-speed operation 
this switch is in the normal position but, when it becomes 
necessary to feather, the switch is thrown to the teathering 
position. With the switch thus closed, the propeller relay and 
governor are bypassed and current flows directly to the feather 
ing slip-ring, energizing the pitch-changing motor and feath 
ering the propeller. When it is unteather the 
propeller, the feathering switch is returned to the normal 


desired to 


position, energizing the propeller control relay and supplying 
potential to the increased rpm slip-ring, energizing the pitch 
changing motor and decreasing the propeller pitch to a de 
sired value. 

A complete electric propeller installation for an airplane ot 
the Douglas DC-3 type is somewhat lighter than the Hydro 
matic propeller installations now in airline use. 

The operating principle of the Hydromatic propeller 1s 
illustrated in Fig. 6. Three fundamental forces are employed 
in controlling the blade’s angle. These forces are: 1. The 
centrifugal twisting moment of the blades towards low pitch 
which is used to decrease blade angle. 2. Engine oil under 


normal pressure acting on the operating piston to aid the 
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ig. 3—Electric propeller hub assembly 


Fig. 4-Installation of electric 
propeller showing location of 
units in airplane 
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centritugal twisting moment and insure adequate control force 
toward low pitch at low propeller speeds. 3. Engine oil under 
boosted pressure from the governor acting on the operatit 
piston to move the blades toward high pitch. 

Forces 2 and 3 are transmitted to the blade from the oper 
ating cylinder through a scissor cam arrangement which pro 
duces rotation in a central bevel gear that, in turn, meshes 
with the gear segment on the base of the blade. To get a 
clear conception of the cam action, it is necessary to visualize 
a fixed cylinder inside the one attached to the bevel gear. This 
fixed cylinder has cam slots of exactly opposite angularity to 


ig 


those shown. In these slots rollers operate on a common shaft 
with the roller shown. Any fore or aft movement of the 
operating piston then causes rotation of the bevel gear and 
therefore change in blade angle. Feathering occurs when the 
rollers move to the extreme outer end of the cam slot, their 
exact position and hence blade angle being determined by an 
adjustable stop on the bevel gear. 

The necessary balance between engine oil pressure and 
governor oil pressure for normal propeller operation is main 
tained by the propeller governor which, in addition to boost 
ing the engine oil pressure, meters to or drains from the 
propeller the quantity of oil required to maintain the proper 
blade angle for constant-speed operation. Feathering is accom- 
plished through the use of high-pressure oil from an auxiliary 
source completely independent of the governor, and a distrib 
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Fig. 6-Diagram of Hydromatic propeller control forces 





utor valve for directing the flow of this oil to the proper sidk 
of the propeller operating piston. 

The operation of the governor or constant-speed control is 
illustrated in Fig. 7. The unit consists of an engine-driven 
booster pump built integral with a pilot valve which controls 
the flow of oil to and from the propeller when actuated by 
spring-balanced engine-operated flyball weights. Spring ten- 
sion and hence propeller rpm is controlled from the cockpit 
through an external attachment to a rack and pinion which 
carry a permanent adjustment for a predetermined maximum 
and minimum propeller speed. 

View A illustrates the action of the governor when the pro 
peller has a tendency to under-speed. Oil drains from the 
propeller through the pilot valve which has been pushed to its 
maximum bottom position by the spring. ‘This oil returns to 
the engine sump and its displacement from the propeller 
decreases blade angle and hence increases propeller speed. 

View B illustrates the action of the governor when the pro 
peller has a tendency to over-speed. Oil at 200 lb per sq in. 
pressure is supplied to the propeller operating piston from the 
governor pump and through the pilot valve which has been 
moved to its maximum top position by the flyballs which 
compress the spring. This oil acts on the propeller operating 
piston to increase blade angle and hence decrease propeller 
speed. 

View C illustrates the action of the governor when the pro 
peller is on speed. In this case the force of the flyballs is 
exactly balanced against the spring and the pilot valve is in 
the closed position, locking all oil in the propeller and main 
taining blade angle and hence propeller speed. 

View D illustrates the action of the governor when the pro 
peller is feathered or unfeathered. Auxiliary high-pressure oil 
is fed into a passage in the governor base where it acts upon a 
spring-loaded selector valve to close off the governor oil supply 
and gain access to the propeller piston through the normal oil 
passages and previously mentioned propeller distributor valve. 
The action of the distributor valve in constant-speed, feather- 
ing, and unfeathering operations will now be reviewed with 
respect to its relation to the governor and the propeller. 

Figs. 8, 9, and 10 show the combined action of the governor 
or constant-speed control, the distributor valve, and the cy! 
inder and piston combination for constant-speed, feathering, 
and unfeathering operations. 

Fig. 8 illustrates the action of these units when operating 
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Fig. 7— Diagrammatic cross-section 


on constant speed. Engine oil pressure (shown by the legend) 
is supplied from the engine pump through a passage in the 
center of the propeller shaft which connects to the distributor 
valve. In the distributor valve this pressure is fed through 
selected passages to the outer end of the propeller piston. 
Governor oil pressure (shown by another legend) is fed to the 
propeller through a propeller shaft passage which encircles 
that of the engine oil and finds its way through selected pas- 
sages in the distributor valve to the rear side of the propeller 
piston. The action of the propeller governor, as previously 
described, then controls the flow of oil to and from the pro 
peller to maintain constant propeller speed. 

Fig. g illustrates propeller feathering action. The flow ot 
engine oil is identical with that previously described for 
constant-speed control as is the position of the distributo1 
valve. Oil at 400 lb per sq in. pressure is admitted through 
the selector valve at the base of the governor as shown and 
passes to the inboard end of the propeller piston in the same 
manner as the governor oil for constant-speed operation. This 
high-pressure oil pushes the propeller piston to the feathered 
position, displacing the engine oil from the forward side of 
the piston and feathering the propeller. Feathering is accom 
plished in from 9 to 12 sec from full low pitch. 

Fig. 10 illustrates propeller unfeathering action. Oil at 600 
lb per sq in. pressure is admitted through the selector valve at 
the base of the governor and passes to the distributor valve 
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of Hydromatic propeller governor 


through the normal governor passages. However, when it 
reaches the distributor valve, it acts upon the valve plunger, 
moving the plunger forward and reversing the flow of oil to 
the propeller cylinder. This high-pressure oil then acts on the 
outer side of the piston and pushes the piston in, turning the 
propeller blades to a pitch where propeller rotation begins and 
the constant-speed control can take over. The high-pressure 
oil previously applied during the feathering operation is ex 
hausted back into the engine sump during the unfeathering. 

In order better to illustrate the mechanism of the governor 
distributor valve and the complete propeller hub and engine 
nose section assembly, Figs. 11, 12, and 13 are shown. 

Fig. 11 is a cutaway view of the constant-speed control 
showing the control shaft, the pilot valve spring and flyball 
assembly, the booster pump, the external oil line connection 
and the shaft drive gear. This unit, as shown, weighs about 
4 lb and mounts on a pad provided by the engine manufac 
turer on the nose section of the engine. 

Fig. 12 shows two cutaway views of the propeller distribu 
tor valve which is attached rigidly as an extension to the 
propeller shaft. The view at the left shows the position of the 
valve plunger for constant-speed and feathering operation. The 
top portion of this valve extends into the propeller cylinder 
and the four grooves shown contain oil seal rings for prevent 
ing excessive leakage at this point which might reduce sensi 
tivity of operation. The view at the right of this figure shows 
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the same valve with the plunger in the correct position for 
unfeathering. The spring at the top is compressed and the 
passages now are connected so as to reverse the flow of any oil 
which might pass into the valve. 

Fig. 13 is a cutaway view showing the complete assembly 
of engine nose section, propeller constant-speed control, and 
propeller. The propeller distributor valve is included but is 
surrounded by the operating piston, bevel gear, and cam 
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assembly and is not visible. Engine oil completely fills the 
hub and operating cylinder, adequately lubricating all moving 
parts. The units shown on Figs. 8 through 10 in an extended 
manner for the sake of simplicity, are here shown in thei 
proper relation as mounted on the engine. 

In order to feather the Hydromatic feathering propeller, an 
external source of high-pressure oil must be available. This 
high-pressure oil supply in one form is illustrated in Fig. 14 
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Fig. 11 -Cutaway view of Hydro- 


Engine oil is taken trom the standard airplane engine supply 
tank and pumped at high pressure to the selector valve in the 
base of the governor. The pump used is driven by an electri 
cal motor, M, which is energized through a control circuit 
closed by the pilot at button C. When C is closed, potential 
is supplied to solenoid S$ through circuit B, D, H, K, F closing 
circuit B, D, S, M, L through the motor and operating the 
high-pressure oil pump. When the pressure in the line to the 
propeller governor reaches 400 |b per sq in., pressure relay FE 
kicks out opening circuit R, E, H, D, B (which had previously 
served to hold switch C closed) and releases switch C. Since 
the propeller feathers at 4oo lb per sq in. pressure, this circuit 
acts automatically to cut off at that pressure, leaving the pro 
peller feathered. To unfeather it is only necessary manually 
to hold closed switch C, again energizing the motor which 
supplies oil at pressures above 400 lb per sq in. to the propeller 











Fig. 14—Schematic diagram of Hydromatic propeller, elec- 
tric-hydraulic feathering system 


Fig. 12-Cutaway view of Hydro- 
matic governor assembly matic propeller distributor valve 
assembly 


Fig. 13-—Cutaway view of Hydromatic 
propeller hub, engine nose case, and 
governor assembly 


and unteathers it. A modified torm otf this method of feather 
ing control employs only a simple switch for controlling the 
motor speed and depends upon the pilot manually to release 
this switch when the propeller has feathered and stopped 
rotating. 

Fig. r5 indicates the feathering system employed by one of 
the major airlines utilizing the airplane hydraulic pressure 
system as a source for high-pressure oils. Engine pump F 
takes oil from tank H and stores it at 800 lb per sq in. pres 
sure in accumulator cylinder 4. This is a part of the normal 
hydraulic system, and it is necessary to tee into this high 
pressure source through valves G and B in order to get 
feathering and unfeathering pressure. Valve B, when opened, 
allows oil to flow through relief valve C, check valve D, and 
selector valve E, to the propeller. When the propeller line 
pressure reaches 400 |b per sq in., relief valve C opens and 
bypasses the excess oil back into tank H. The propeller is 
then feathered and it is necessary manually to close valve B 
For unfeathering, valve G is opened, check valve D closes ofl 
relief valve C and the full hydraulic system pressure is applied 
to the propeller, unfeathering it. Here again it is necessary 
manually to close valve G when the propeller has reached a 
rotational speed of 500 rpm. 

A control valve recently has been designed for use with the 
airplane hydraulic system of feathering to shut off automati 
cally the flow of oil to the propeller after it has feathered 
This valve replaces the two globe valves shown in the previous 
figure and eliminates the necessity for check and relief valves 
in the system. Fig. 16 is a cross-section of this valve. With 
the valve in a closed position, oil pressure from the hydraulic 
system is applied to the underside of the actuating plunger 
If leakage occurs around the actuating plunger seal, the by 
passed oil is returned to the airplane storage tank through the 
connection at the top left of the valve. When it is desired to 
feather the propeller, the operating handle is thrown down 
and engages in the latch as shown in the right-hand view. 
The actuating plunger is then opened and the control plunge: 
allows oil to flow to the propeller around the pilot plunge: 
which is pushed upward by the velocity of the oil acting 
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against a predetermined spring tension load. When the pro 
peller has feathered, the oil flow momentarily stops and the 
spring returns the pilot plunger to its normal position releas 
ing the handle latch and thus automatically closing the valve. 
Unfeathering is accomplished by manually holding the oper 
ating handle down until the desired rpm of 500 is reached 
where manual closure of the valve completes the cycle. This 
valve is now in process of flight test on one of the major air 
lines and, if proved effective, will aid materially in eliminating 
certain limitations of the globe-valve controlled system. 

The fact that propeller feathering is considered only for 
emergencies in existing twin-engine air transport operation 
substantiates the use of the airplane hydraulic system of Hy 
dromatic propeller control on these airplanes. The simplicity 
of this control and its use of light oil with a low pour point 
makes it desirable. If oil dilution through the introduction of 
light oil into the engine is kept at a minimum, the control is 
not at present surpassed by any for twin-engined air-transport 
airplanes. If and when the automatic feathering control valve 
is pronounced successful, its addition to the system is desirable. 

The electric pump and engine oil feathering installation is 
desirable for four or more engined airplanes where propeller 
feathering will be accomplished as a routine flying operation 
for increasing range and emergency performance. 

A comparison of electric and Hydromatic propeller types 
brings out several interesting points. The Hydromatic instal 
lation weighs more than the electric, but the propeller feathers 
taster and without the need of fast-feathering accessories. The 
simplicity and reliability of the airplane hydraulic system of 
feathering control favor the Hydromatic propeller for existing 
twin-engined air-transport airplanes. However, if electric 
pump feathering control is employed, there is little to choose 
from between the Hydromatic and electric designs in this 
respect. The Hydromatic design responds more quickly to 
pitch changes necessary for constant-speed operation and is 
synchronized more easily. It is free from possible constant 
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Fig. 15-—Schematic diagram of Hydromatic propeller hy- 
draulically operated feathering system 


speed control difhculties which might be brought about by 
failure of the already overburdened airplane electrical system 
upon which the electrical design depends. Maintenance of the 
electric control system is also an important factor and favors 
the Hydromatic design. Wear is important in any machine, 
and the lack of complete and continuous pressure lubrication 
no doubt produces wear in the electric design not found in the 
Hydromatic design. 

These factors, together with the fact that the electric feather 
ing propeller was not developed fully for airline use as soon as 
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Fig. 17—Twin-engine take-off performance with feathering 
propeller, windmilling propeller, and braked propeller 


was the Hydromatic design, no doubt account for the nearly 
universal airline use of Hydromatic propellers to date. 


Performance and Safety 


As stated in the introduction to this paper, the feathering 
propeller meets two fundamental needs of transport operation 
wh.‘ch the constant-speed propeller cannot supply. First, the 
feathering propeller, in making possible a reliable and positive 
method of stopping the rotation of an engine and propeller in 
flight, protects the airplane from catastrophic vibrations occa- 
sionally set up by mechanical failures of engine and propeller. 
Second, it decreases the drag of an inoperative propeller, 
thereby increasing the performance of a multiengined airplane 
with one or more engines inoperative. 

Most of the comparative performance data for airplanes 
equipped with braked, windmilling, and feathering propellers 
have been collected and presented in a paper: “Full Feather- 
ing Propellers,’ by H. M. McCoy, Wright Field, in the 
Journal of the Aeronautical Sciences, May 1938. For specific 
information on performance, the reader is referred to this 
treatise. 

At the present writing, airline operators are vitally inter- 
ested in the increased single-engine performance made possible 
by feathering propellers in decreasing the distance necessary to 
clear an obstruction of a given height in case of engine failure 
during take-off. Fig. 17 is a graphic portrayal of a twin- 
engined airplane and its flight path in clearing an obstruction 
just after leaving the ground when equipped with feathering, 
constant-speed, and braked propellers. Airplane B is at the 
altitude it would attain with two engines operating at rated 
power. After leaving the ground, it is leveled off to pick up 
speed and, when the speed for best angle of climb is attained, 
it is pulled up into a steady climb. Airplane C had an engine 
failure just as it reached climbing speed. The propeller was 
feathered and, while this operation was taking place, it was 
held down to maintain safe flying speed, after which it was 
pulled up into a climb and proceeded over the obstruction. 
A represents the distance traveled by the plane during the 
tr sec required to feather the propeller. Airplane D is 
equipped with constant-speed propellers and, after engine 
failure, its single-engine climb is so reduced that it will barely 
clear the obstruction. Airplane E is equipped with constant- 
speed propellers and also propeller brakes which were applied 
when the engine failure occurred. It can about hold its alti- 
tude but cannot clear the obstruction. Fig. 18 depicts graphi- 
cally the same airplane flying on single engine at altitude 4 
with inoperative propeller feathered. It can hold an altitude 
sufficient to clear the top of the highest obstruction within 25 
miles of its route. B is the altitude this same plane would 
have if equipped with constant-speed propellers, with the in- 
operative propeller windmilling. Its single engine ceiling is 
about rooo ft lower than that of airplane 4. Airplane C is 
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equipped with constant-speed propellers with one engine 
stopped by a propeller brake. The propeller is in full high 
pitch to gain minimum drag under this condition but, at best, 
its single-engine ceiling is about 1ooo ft lower than with the 
propeller windmilling, and about 2000 ft lower than with 
propeller feathered. 

Fig. 19 shows the performance curves for single-engine 
climb of a DC-3 powered with G-2 engines and at 24,000 |b 
gross weight. Curve 4 is a correlation of tests made by the 
authors on the Hydromatic propeller installation with in 
operative propeller feathered. Curve B is a correlation of 
manufacturer’s performance tests on the same model airplane 
with constant-speed propellers and the inoperative propeller 
in full high pitch turning 800 to 900 rpm. Curve C is a cor 
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Fig. 18—Single-engine ceiling with feathering, windmilling, 
and braked propeller 


relation of tests made by the authors on the same model 
airplane equipped with constant-speed propellers and propeller 
brakes. The difficulty of getting any two single-engine ceiling 
tests on a given airplane to agree necessarily requires averag- 
ing test results which were made under approximately similar 
conditions. These curves are believed to be as accurate a 
comparison of the three conditions as can be derived from 
performance tests made in different parts of the Country at 
different seasons with several planes of the same type flown 
by different test crews. 

In considering the suitability of the airplanes now in airline 
operation for the routes over which they operate, the single- 
engine performance was given great weight. Most of the 
equipment now operating with feathering propellers previ- 
ously operated over the same routes with two-position or 
constant-speed propellers. The airlines, in adopting the feath 
ering propeller, have added a considerable factor of safety on 
single-engine performance over and above that obtained with 
the other types of propellers. Under winter operating condi 
tions, this reserve factor of safety is actually greater than is at 
first apparent. If single-engine operation becomes necessary in 
air temperatures below o F with a plane equipped with 
constant-speed propellers, the rated single-engine performance 
for any given density altitude can be obtained for the first few 
minutes. At sub-zero temperatures the cylinders of the in- 
operative engine are soon cooled off and the lubricating oil 
gets cold, which rapidly raises the mechanical friction of the 
moving parts and therefore the drag of the windmilling pro- 
peller. This condition, in itself, reduces the performance but, 
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in addition, as the drag of the windmilling propeller increases, 
the yawing moment becomes greater and the rudder angle to 
retain straight flight increases, adding to the drag of the 
plane. The cycle of parasite forces continues until either the 
engine freezes from lack of piston lubrication or the maxi- 
mum friction of cold oil is reached and the plane settles to a 
lower-density altitude at which it can maintain level flight 
with the additional drag. This series of complications is en- 
tirely eliminated by the feathering propeller and the plane, if 
properly handled, can maintain the performance determined 
under warm-weather conditions. 

Instances have occurred where mechanical failure of one 
engine was not at first serious but, as the engine continued 
windmilling during single-engine flight, the damage to the 
engine became progressively worse, necessitating a landing in 
the best field available. This type of emergency has been 
eliminated completely by the use of feathering propellers. In 
case of mechanical failure of any kind which requires throt 
ling the engine, the propeller is feathered and the engine 
stopped to forestall further damage and prevent further en 
dangering the flight. If the difficulty is slight, the propeller 
may be unfeathered again and the engine started when within 
a few miles of the destination in order to be ready in case 
more power is required during maneuvers around the airport. 
This procedure has been used in actual practice during the 
short time that feathering propellers have been in airline 
operation. 

The additional safety of ftour-engine airplanes would be 
reduced greatly without feathering propellers. The probability 
of mechanical failure of the four main engines and propellers 
is double that of the twin-engine airplane. Propeller brakes, 
being only partially reliable in emergencies, cannot be de- 
pended upon and, therefore, do not eliminate this vulnerable 
point in the safety of four-engine operation. The feathering 
propeller has eliminated the vibration consideration from four- 
engine airplane operation and made it possible to fly over long 
distances where ceilings and visibility are below limitations. 
The operation of four-engine landplanes on long over-water 
flights also has become feasible. It is anticipated that the safety 
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Fig. 19-—Correlated curves show single-engine performance 
with feathering, windmilling, and braked propeller 
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Fig. 20-—Conventional propeller de-icer fluid pattern on 
propeller blades 


of this type of four-engine operation probably will be as great 
or better than that of our present twin-engine operation. 


The Icing Problem 


Each new development of any mechanism usually opens up 
new fields of usefulness and possibilities often not anticipated 
by the designers. One very interesting phase of airline oper- 
ation which will benefit from the development of the feather 
ing propeller is the study of propeller de-icing. 

During the years of airline operation up to 1930, propeller 
ice was not a serious problem in airline operation. Most of the 
planes in operation prior to that date were not capable of 
taking much ice on the structure, especially the biplanes, so 
that icing conditions usually were avoided by cancelling the 
flight or detouring the icing areas. All engines used in airline 
operation at that time were direct drive and turned the pro- 
peller much faster than the present geared engines. As will 
be brought out later, this condition largely eliminated severe 
propeller roughness in the mild icing conditions which were 
occasionally encountered. 

Since 1930, with the introduction of modern transports 
with supercharged engines and geared, variable-pitch pro 
pellers, airline flights have been conducted at altitudes between 
4000 and 14,000 ft, instead of 500 to 5000 ft, as was formerly 
the case. This type of operation brings the plane into icing 
overcasts which formerly were not encountered, thereby in- 
creasing the difficulty with propeller ice. The trend toward 
the use of lower gear ratios to allow speeding up of engine 
rpm and increase of propeller efficiencies has progressively 
aggravated propeller icing difficulties. 

Various schemes for removing ice from propellers have been 
tried out over the past five years. The one now in general use 
in airline operation consists of a slinger ring which is attached 
to the propeller hub and rotates with it and which is fed with 
a solution of alcohol and glycerine. Individual nozzles feed 
the de-icing solution to the blades. The location of these 
nozzles is determined by experimentation so that the fluid 
pattern is equal on the flat and curved side of the blade at 
cruising rpm. Fig. 20 shows a typical pattern of de-icer fluid 








382 S.A.E. JOURNAL 


Vol. 45, No. 3 


(Transactions) 


on the blade of a Cyclone-powered DC-3 airplane equipped 
with a Hydromatic propeller with a No. 6153-18 blade. 

This pattern is typical of that found on most of the pro 
pellers equipped with fluid de-icers. The fluid emerges from 
the nozzle, strikes the shank of the blade and is carried along 
the leading edge toward the tip of the blade by centrifugal 
force for 24 to 30 in. It is then wiped diagonally across both 
faces of the blade to the trailing edge about 45 in. out 
from the propeller centerline. The proportions of the blade 
covered by the de-icer fluid vary somewhat with propellers 
that operate at different rotating speeds but, in general, only 
about 33% of the leading edge of the blade is reached by the 


Fig. 21 — First picture ever taken of ice deposits on the pro- 
peller feathered during flight in icing conditions 


Fig. 23-—Ice deposit accumulated on loop antenna during 
propeller de-icing test 


propeller fluid. There has been some evidence that, when the 
de-icers are in operation in actual icing conditions, the fluid 
works under the ice and runs along the blade until the ice 
strips off. Under some conditions, the system seems to de-ice 
the propeller blades efficiently but, as often, de-icing is very 
poor and severe roughness is experienced from large pieces of 
ice stripping from one or two blades while the complete 
deposit sticks to the third until vibration finally detaches it 
and the centrifugal forces on the three blades become equal. 
As engine-to-propeller gear ratios have increased progres 
sively from year to year, the necessity for more efficient pro 
peller de-icers has become more urgent. The solution of the 





Fig. 22 -—Ice deposit remaining on blade after 10 min oper- 
ation with propeller fluid de-icer in operation 


Fig. 24-Propeller ice deposit with propeller rotating 1310 
rpm in air temperature of 14 F 
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Fig. 25-—Ice deposit on propeller blade rotating at 1090 
rpm, showing proportion of deposit which was thrown off 
the blade prior to feathering 


problem has been very difficult because, up to this year, no 
one knew the location or the form of the ice deposit on the 
blade. Mathematical analysis indicates that there should be 
some point on the rotating propeller beyond which no ice will 
stick to the blade, both because the centrifugal force at and 
beyond this point will exceed the adhesive force between ice 
and metal and because the compression of air against the 
leading edge of the blade beyond this point will increase the 
temperature to a sufficient degree to prevent ice adhering to 
blade at air temperatures near 32 F. The vibration character 
istics along the blade very probably will affect ice accumula 
tion to an extent that the end point will be somewhat close: 
to the hub than calculated. Whether ice adheres to the 
cambered surface or the flat surface, or both, has been a mat 
ter of much conjecture. Observation of test-stand club pro 
pellers which had accumulated small ice deposits and some 
attempts at rotating a propeller on the ground in below 
freezing temperatures in water spray, showed ice deposits on 
the leading edge, the flat surface, and some portion of the 
cambered surface, depending on the pitch of the blade. It has 
been evident tor a long time that some method of observing 
actual flight accumulation of ice while flying in clouds must 
be developed in order to reach a solution to the propeller de 
icing problem. 


Rotoscope Tried 


During the late tall of 1938 several attempts were made to 
observe colored de-icing fluid patterns on propellers in flight 
with a spring driven rotoscope. The authors do not know 
whether the rotoscope was ever used before for this purpose. 
This method gave a good view of the propeller about 24 in. 
out on the blades but, beyond that point, the blades became 
hazy and could not be defined clearly. An electrical rotoscope 
developed by one of the airline engineering departments was 
tried with better success, but views of the blades were still 
hazy at the end-point diameter of the fluid pattern. Therefore, 
the study of the fluid pattern was carried on by flying with a 
given propeller rpm and airspeed while the de-icer fluid 
pumps were in operation, then landing as soon after as pos 
sible and dusting the blades with lamp black which would 


PROPELLERS 383 


suck to the wetted surtaces and could be photographed. Coy 
ering the blade with a thin coating of Bon Ami mixed with 
toluol before flight proved to be another good method. The 
Bon Ami washes off wherever the fluid flows over the surtace. 

Lacking any other good method of observing and determin 
ing the nature and pattern of propeller ice accumulations, it 
was decided to utilize the feathering feature of the Hydro 
matic propellers and feather a propeller under actual icing 
conditions and observe and photograph the ice deposit. 

The first test was conducted on the morning of Jan. 20, 
1y39. After flying 15 min in an icing condition that was 
depositing light rime ice, the left propeller was feathered. To 
the authors’ knowledge, this was the first time an ice deposit 
on a propeller was photographed and observed in an actual 
icing condition in flight, and within 20 sec after the engine 
had been developing cruising power. The accompanying 
photograph, Fig. 21, is believed to be the first such photograph 
ever taken. 

Study of this ice deposit reveals that the end point of ice on 
the blade is about at the engine cowl diameter and that the 
remainder of the blade to the tip is entirely free from ice. The 
ice is all on the leading edge and there is no ice on either face 
of the blade. Prior to feathering, the propeller was turning 
about 1240 rpm; the air temperature was 28 F at 6000 ft; and 
the deposit was light rime ice. 

After the propeller was unfeathered, the de-icing fluid 
pumps were operated at full speed for 10 min and then the 
propeller was feathered again. The photograph, Fig. 22, 
shows that two blades had been cleaned of ice by the fluid but 
that a small piece still adhered to the third blade. This weight 
of ice did not make the propeller vibrate badly. Since red 
fluid was used this piece of ice was red for about half its 
length, showing that the fluid had worked between the ice 
and metal. This piece of ice flew off against the fuselage 
while the propeller was being brought up to speed after un 
feathering. This is the only time de-icer fluid was used on the 
propellers during this series of tests because it was desired to 
find out where ice collects on the blades and to what thick 
ness, before attacking the removal problem. The photograph, 
Fig. 23, of the ice deposit on the loop antenna is interesting 
as an indication of the degree of icing. This 2 in. thick de 
posit of light rime ice was accumulated in about 1% hr. 

The photograph, Fig. 24, shows the ice deposit accumulated 
on the propeller at 1310 rpm during the test Jan. 24, 1939, 
over southern Michigan. The remarkable thing about this ice 
deposit is the mushroom formation exactly like that accumu 
lated on struts and projections. The plane had passed through 
several layers of icing intensities in a climb from 2000 ft to 
6100 ft where clear ice was found near the top of the overcast 
in an air temperature of 14 F. The step formation of the ice 
along the blade is shown clearly in this photograph. The paint 
marks were placed at 6-in. intervals to assist in measuring the 
radius of the ice deposit on the blade. It is also notable that 
there is no ice on either face of the blades. 

Fig. 25 shows the ice deposit on the blades when rotating at 
1090 rpm. Before feathering this propeller to view the ice 
deposit, it became very rough, and it was feathered before the 
ice was as thick as desired. The cause of the roughness can 
be seen in the two blades which have lost pieces of ice from 
the middle of the deposit and the one blade that has the whole 
deposit intact. The outstanding thing about this ice deposit is 
the fact that the ice did not strip off the entire length from the 
point closest to the center but a portion in the middle of the 
deposit broke out and left the blade, leaving a considerable 
length still sticking to the blade at the outer end. Probably 
there is a vibration node at the blade station where the ice 
remained and a maximum amplitude where it flew off. 
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The ability to study propeller ice formations is one feature 
of the feathering propeller which undoubtedly will prove 
highly beneficial to air transportation. Throughout these tests 
and observations, the right propeller which was not feathered 
was operated at 1380 to 1445 rpm corresponding to engine 
speeds of 2000 to 2100 rpm. It was notable that there was no 
roughness of the right propeller at any time and that no ice 
was thrown against the fuselage from this propeller. The ice 
deposit at 1445 propeller rpm was located entirely on that 
portion of the blade within the engine cowl diameter and 
probably came off in small enough pieces and with insufficient 
force to hurl it against the fuselage. 


Future Research 


The entire study of propeller de-icing has been placed in a 
new light by the results of these observations of ice deposits 
on propellers feathered in flight during actual atmospheric 
icing conditions. The tests indicate the trend of future re- 
search work that should be done, but the results to date are 
too meager and broad conclusions cannot be formed. Further 
test work along this line should be conducted by the NACA 
or other institutions equipped for experimental investigation. 
A twin-engine airplane with feathering propellers could be 
based at a geographical location where frequent atmospheric 
icing conditions are available during the winter months for 
further investigation of propeller ice problems. 

More information is needed on fluids with better covering 
qualities than the alcohol and glycerine mixture now in use. 
Laboratory and service tests of durable coatings for propeller 
blades having lower coefficients of ice adhesion than duralu- 
min and steel might prove profitable. Investigation of 
methods for keeping the de-icer fluid flowing along the lead- 
ing edge of the blade, where the ice formation accumulates, 
without spoiling the efficiency of the propeller or in any way 
weakening it or making it more susceptible to vibration fail 
ures might solve the icing problem. A grooved rubber leading 
edge cemented to the blade which shows promise of directing 
the fluid correctly is under test at the present time. This 
leading edge has been tested in an icing wind tunnel with 
promising results. One flight test of a 38% in. length on each 
blade of a 11.5-ft diameter propeller indicates that the fluid 
will reach the end of the trough and give a fair pattern on the 
blade surfaces. Feathering tests under actual icing conditions; 
performance tests to determine the efficiency of the propeller; 
endurance tests on test-stand propellers to determine the ser- 
viceability of the cement and other miscellaneous tests will 
be required before this leading edge can be approved and 
adopted. 

One very interesting possibility of the feathering propeller 
now under investigation is that of utilizing a continuation of 
the feathering action to move the blade to an angle which will 
' give sufficient negative thrust to assist the brakes in stopping 
the plane after landing. The stopping of large planes in rea- 
sonable distances on the landing roll imposes a severe burden 
on airplane brakes. Brakes are to the airplane on the ground 
what engines are to the airplane in the air. Yet brakes are of 
use to the plane only about 5% of its operating time, neglect- 
ing parking. Brakes on large planes are reduced in size and 
weight until there is little reserve left to handle emergencies, 
and continual maintenance is necessary to keep them in good 
operating condition. 

Large four-engined airplanes might utilize advantageously 
negative thrust of the two inboard propellers to assist the 
brakes at-the end of the landing roll. The mechanism to 
accomplish this purpose should reverse the propeller to maxi- 
‘ mum negative thrust position within 2 sec after the control is 
operated. Linkage with the throttles may be required to open 


them partially and provide sufhcient power to prevent th 
propellers from stopping as negative thrust is applied. Th« 
mechanism must guarantee positively against throwing into 
negative pitch during all flight operation and particularly on 
the take-off. The propeller should return to positive low pitch 
in 2 sec. The requirements of such a mechanism can be met 
with little additional weight, which might be offset by 
reduction in the weight of mechanical brakes. 

In conclusion, the feathering propeller, by making the ope 
ation of multiengine airplanes more flexible and in adding 
greatly to the safety of airline operation, is an outstanding 
achievement which will take its place among the developments 
which have raised air transportation to a place of major 
importance. 
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will cool to a deep, metallic luster of any desired shade, and 
the paint shop will be a thing of the past. 

In the not-too-distant future we will walk up to our car. 
push a button, and the door will open. We will have the 
impression of entering a commodious room. It will not be 
necessary to crawl around stationary seats and trip over bumps 
and tunnels in the floor. The seats will be light movable 
chairs, and the floor will be wide and flat. Incidentally, such 
an automatic door opener, permitting the elimination of 
projecting door handles, is already in existence. 

A portion of the roof will be made of a curved, translucent 
material which will admit the health-giving rays of the sun, 
at the same time removing the glare. A series of buttons will 
regulate the temperature and humidity to any desired condi 
tion of air. Pressing another button will unfold a concealed 
bed from out of the partition between the passenger and en 
gine compartments. Many little passenger conveniences will 
be installed, such as toilet and lavatory facilities. All of this 
can be done without increasing the width or height of the car 
at all, and the length only slightly. 

If the other branches of engineering keep pace with the 
body men, which they undoubtedly will, this car can be driven 
from any seat, the controls being carried or passed from place 
to place. As we glide along we will not be cut off from 
communication from the outside world. A radio speaker 
and microphone will be let into the wall. Without removing 
our eyes from the road we can again press a button and carry 
on a two-way conversation with our home or office. 

This paper has touched upon many phases of our work as 
body engineers, some already practical, some more visionary, 
but the subject is enormous. Future body engineering could 
include many more topics than I have covered, and those men- 
tioned have, of necessity, been dealt with briefly. The prin- 
cipal purpose of the paper has been to refresh our memories 
of the past so that we might consider the future intelligently. 
Naturally, there is much more to be said, and it is hoped that 
others will continue in the same vein and present their 
prophecies as to what the future has in store. 

















The Analysis of Leading-Edge 
Wing Beams 


By Joseph S. Newell 


Guggenheim Aeronautics Laboratory, Massachusetts Institute of Technology 





Axis — Considering the section shown in Fig. 1, letting 
X-X, Y-Y, and Z-Z be any set of rectangular axes 
passing through the centroid of the cross-section, and making 
the usual assumptions of the beam theory, the normal stress ¢ 


BY Axis—Cnaniteing of Normal Stresses and Neutral 


acting on a particle, d4 = tds whose coordinates are x and 
y, iS, 

o = ar + by (1) 
if “a” be taken as the intensity of normal stress at x = 1, 


y = 0, and “bd,” the value of ¢ at x = 0, y = 1. Multiplying 
Equation (1) first by xdA and then by yd yields 

ozdA = artdA + brydA 

ao ydA = arydA + by*dA 2) 


Noting that ¢ dd is the force acting on the area dA, and 
that ¢ xdA is the moment of that force about the Y-Y axis, 


it follows that M,, = -f- rdA, the minus sign being neces 
sary to conform to the following sign conventions for mo 
ments and normal stresses: 


1. Moments are positive if they produce compression in the 
fibers on the top, or on the right-hand side of the section, that 
is, Where x and y are positive. 


2. A positive normal stress, ¢, represents tension. From 
Equation (2), it is obvious then, that 
M., [aruda . [ovaa 
4 


Myy = | axr*dA | bryaa 


But | ruaa = K, the product of inertia of the material in the 
cross-section about the X-X and Y-Y axes, while [waa = t. 
and [xa = J,,, the moments of inertia of the section about 
the X-X and Y-Y axes respectively. Solving Equation (3) for 


“a” and “b” and substituting the resulting values in Equation 
(1) yields for the value of ¢ 


Ax Ay i M,:K —Myyl 2: m (M,,K “ BE onl wn ly 
- Bt Bt lal ys ~K* leolvy~K° 
where Ai=M,,K—M,,Is2, A:=My,K—Myzl,, and Bt=1,21,, 


-K?, for brevity. 


The intensity of the normal stress at the neutral axis is zero, 
by definition, so the tangent of the angle ~ between the X-X 





{This ord was presented at the National Aeronautic Meeting of the 
Society, Washington, D. C., March 17, 1939.] 
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Fig. | -Leading-edge wing beam section 


and the neutral axes may be found readily by equating Equa- 
tion (4) to zero, whence, 


A; “4 M,.K a M sol os 


Je + Ma 


tan 6 = ce ace 
=r A: 





uw 


The angle @ is positive when measured in a counter-clock 
wise direction from the X-X axis. 

The results are identical, for similar sign conventions, with 
those given by Swain on page 157 of his “Strength of Mate 
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Fig. 2—Application of equations to small-airplane beam of 
aluminum alloy 
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rials,” and suffice for the determination of normal stresses and 
neutral axes on all beams of unsymmetrical cross-section. 
Application of these equations to the beam shown in Fig. 2 
leads to the values of the normal stresses, s, given in Column 5 
of Table 1. The beam shown represents one used on a small 
airplane. All material was aluminum alloy, and ribs were 
used at 12-in. intervals to maintain the shape of the airfoil. 
The centroid of the beam cross-section was determined by 
. a 
taking = and 744 
=A > 


LAA ZA 


of the material about the inter 


section of the chord line of the airfoil and the leading edge. 
X-X and Y-Y axes, perpendicular to and parallel with the 
shear web respectively, were then passed through this centroid 
and the moments and products of inertia computed about 
them in the usual manner. These properties, together with 
the design loads on the section, are shown on the figure. 

The values of A;. Aso, A,/B* and A2/B? used in Table 1 are 
found as 

A, = 36,000 X 3.15 + 15,000 x 9.79 = 260,300 lb-in.° 

Az —15,000 3.15 — 36,000 47.6 = —1,758,200 Ib-in.® 

A,/B* = + 573|b/in.*, A2/B = — 3861 1b/in.* 


Table 1 is believed to be self-explanatory, so no space need 
be devoted to describing the operations involved in comput 
ing ¢ 

Longitudinal and Lateral Shear Stresses 

Investigation of the requirements for equilibrium of the 
forces acting on the portion of the wing structure above the 
neutral axis in Fig. 1 shows that 

az) tds = 0 


8» Se 
qidz + qadz -| olds +/ (« 
$) $1 
are positive when 


In the foregoing equation g; and q2 
acting in the direction of increasing Z coordinates, ds being 
measured in a counter-clockwise direction from point 1 on 
the part of the beam above the neutral axis. Since the sign 
conventions for normal stress make ¢ negative on the part of 
the beam above or to the right of the neutral axis, for positive 
M,, and M,,, the signs of the terms containing 
established with this in mind. 


Then, 


{ 6 Ay. ay ] ~ 
g=- — — se — 
d 8) 62 B a5 Be / 


This equation is general in form, but leads to a cumbersome 
expression if J,,, J,,, K, and ¢t vary with Z. Although most 
leading-edge beams actually do taper along the span, the rate of 
taper is small and we may, with small error, assume t//B? and 
tK /B? to be independent of Z, and obtain for the shear at any 
point s in. around the section from point 1, 


e: (AS K 6M,, it) fi 2, 
ai 62 B? 62 RB? 8) ses 


(ihe K 2 " a8 
ae Br) Jains — 9 


c have been 














Fig. 3-— Internal shear forces as they act on a cross-section of 
the beam. External shear forces also are illustrated 















































Table Computaiion of Normal Stresses 
STATION | X |Atgel y [Aye o | 
x y D (Os7D @ @-2B1KDO-O+ 

#5.529 0,00 #5.529 | +3170 0.00 0 +3170 
Neut. Axis +#5.529 | +3170 | #0.817| =3170 | 0 
+5.529 +3,31 +5,.529 +3170 +3.31 12780 -9610 
+4,529 +3.26 +4,538 | +2595 | +3.26 | -12590 -9995 
+2.529 +3.16 #2.529 | +1450 | +3.16 | -12200 | =10750 
+0,.529 +3,01 +0,.529 #305 | +3.01 | -11620 -11315 
-1.471 +2.76 -1.471 -845 | #2.76 | -10660 #11505 
-3.471 +2,36 -3.471 | -1990 | #2.36 “9110 -11100 
~5,.471 +1,81 ~5.471 -3135 +1.81 -6990 | -10125 
-7.471 +1,.16 -7.471 | -4280 | +1.16 -4480 | -8760 
-9.471 +0.23 -9.471 | -5425 | +0,.23 -890 | 5315 
-10,.471 -1,39 -102471 | -6000 | -1.39 +5370 | =630 
Neut. Axis -10.431 -5980 1,548 +5980 | 0 
-9.471 -2.33 -9.471 | -5425 | -2.33 #9000 | +2575 
-7.471 -2.79 @7.471 | -4280 | -2.79 | +10770 | +6490 
-5.471 -2.79 -5.471 | -3135 | -2.79 | +10770 | +7635 
-3.471 -2.84 -3.471 | -1990 | -2,.84 | +10965 +8975 
-1.471 -2.79 -1.471 845 | -2.79 | #10770 +9925 
| 40.529 2.64 +0.529 +305 | -2.64 | #10190 | #10495 
2.529 2.54 4#2.529 +1450 72454 +9810 | #11260 
+4,529 2.44 #4,.529 | +2595 | -2,44 +9420 | #12015 
+5,529 -2657 +#5.529 | #3170 | +2,.37 #9150 | #12320 
+6,549 -2.30 +#6.529 | #3740 | -2,30 +3880 | #12620 
+ Denotes Tension 
6M ,; > . 
But = |} “= the vertical component of the resultent shear 
6M,, , . 
force on the section, and - V.. henee, writing 
62 


As = [ Vel. VU | and A, [ Vet, VK | 
we have 


A; s A { s 
dq = trds + - | tyds q 
B? J 8) B J 8 b 


or, since qg, the shear force per linear inch, equals rf 


= - ” trds [* tyds Tl) 7 
B r . Js 


Equation (6) gives the sum of the longitudinal shear forces 
per linear inch of span along two sections cut parallel to the Z 
axis of the beam. 


4 
— 
| 


There being two unknowns and only on« 
equation, neither g, nor g; is uniquely determined. Equa 

tion (7) expresses a similar relation between the intensities of 
the shear stresses and, although it also involves two unknowns 
in a single equation, it does afford a means for expressing th¢ 
strain-energy in the volume of wing beam bounded by parallel 

planes a unit distance apart along the Z-Z axis. The strain 
energy due to shear on such a strip may be written, in terms 
of the shear stresses on the transverse planes, as 


1 I 
W = | rtds 
2G ; 


when the length in the Z direction is unity, and since the 
intensity of shear stress at any point is the same on a trans 
verse as on a longitudinal plane, Equation (7) provides the 
necessary expression for t. 7, of Equation (7) is seen to de 
pend upon 7; at section 1, and upon a function of s. But 4; 
is the thickness of the shear resisting material at section 1, and 
the function of s depends upon the cross-sectional dimensions 
of the beam so, for the strain energy due to shear to be 
minimum, 7, must have a value such that 


5W /ér,; = 0. Hence 
jw 1 I br, 
= () = Tl. — ds 
67} G . 67) 
But. 6r,/67, is, from Equation 7, — 4,/t,, and since G and | 


have definite values in any given problem, it follows that 


L 
[ras =0 ’ 


L 
In most cases it will be found convenient to write [ réids = (0, 


so that all terms are divided by a quantity (,f; near unity, rather 


than by ¢, alone, whence, 
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I A 3! \ yl , T il) 
0 = [ | [ txds + | tyds ] ds 
a 2 ee ae ts/ty 


Since rl qi, this expression suffices to give q as, 
l 
q, = rf’ 6A; g “L Ag 
f ds | J burda t [ tydsds 9 
[ J« TP I oo 
Jo lsh 


Substitution of this value of g; into Equation (6), with A, 
and 44 expressed in terms of V, and V,, yields the following 
for g, when the coefficients of IV’, and V, are collected 


separately 9 


q. = VF. + V»F 10 
pe f dD, kK dD, 
( | trds ) ( tyds ) 
be Y c B? \ hy 
lis dD, K D 
F ( [ tyds ) ( tds : ) 
Be ¢ B: ( 
[3 
Fe f,/t 
‘i F ds a fj dls 
Db | | tds Db | | tyds 
, j (,/t | t/t 


Computation of the quantities required for solving Equa 
tion (10) is presented in tabular form in Table 2. Since an 
equation for the contour of the airfoil section is not readily 
obtainable, finite segments, As, replace infinitesimals, ds, in 
Equation (10), and summation is substituted for integration. 
Note that SxtAs and YylAs as given in Columns 7 and 11 
of Table 2 begin and end with zero. If they do not do 
so, some arithmetical error has been made or, as is equally 


where F 


, 7 a, 


= 


Table 3- Location ef Shear Center 
STATION. sy | y | ox | Xa ax Fx 
~~ Q @ =Ox@ © 
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probable, the centroid of the section has not been located cor 
rectly. There is no use in proceeding further with the com 
putations until the error has been found and corrected since 
all subsequent values will be incorrect. 

Fig. 3 shows the internal shear forces, g, of Equation (10), 
as they act on a cross-section of the beam. It also shows the 
external shear forces, V, and V,. For the present, we shall 
assume the lines of action of V, and V, to pass through the 
shear center, so that their moment about the centroid of the 
cross-section is equal and opposite to the moment of the in 


ternal shear forces, gx. Then x9 = x. Yo v-, and, 
L 
Vy Vyte 4 [ Ge (Y COS @ rsina) ds = 0 
But cos a ds dx and sina ds = dy, so, 


I I 
Vey. V it. = [ q. tdy — / qq. yd 11 


Here again we have a single equation with two unknowns, z, and 
y.. However, since the equation must be valid for all values of 


V. and V,, it is valid when either of them is zero. Since, 
j l 
Viv. V te = [ VF, (ady ydx) + [ VF, (rdy ydx 
it follows that when V, 0, 
I rl 
Ie = [ F,, xdy | Fy, yda 12 
and when V, =0, 


l i 
Ye [ Fy rdy / F, ydx 13 


Since F, and F, are computed under Columns 17 and 21 of 
Table 2, they may be utilized in 
Equations (12) and (13) for locat 
ing the shear center. This has been 
Fy 


3 done in Table 3, and the shear cen- 
@-@ ter is found to be 1.027 in. to the 
137 
+0.1247 |-0 + 
-0 


* 


left of the centroid of the section. 
0.217 in. above. 

In obtaining the shear stresses of 
Table 2, it has been assumed, im 
plicitly, that the resultant of V, and 
lV’, passed through that point so 
there was no twisting of the section 
due to the loads upon it. In the 
normal design conditions, such 
would not be the case and a tor 
sional moment of magnitude T 
V, (% -— X.) os V, (yo — Ye) 
would be developed. The shear 
stresses caused by such a moment 
may be determined in the usual 
manner for a closed section, viz., 

. 

2At, 
where 7,’ is the shear at any point 
s, te is the thickness of the shear 
carrying material at that point, and 
A is the area of the cross-section 
bounded by the middle surface of 
the shear web and the stressed skin. 
The total shear stress at any point 
would, of course, be the sum of 7, 
from Table 2 and 7,’ due to the 
torsional moment, but it seems un 
necessary to extend this paper to 
such a case. 


Although flange angles and other 
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is conservative to assume only the 


stiffeners actually contribute to the 
torsional strength of the section, it 
thin sheet elements to carry the 


2 
sated | 


51200 
60811 += i 


2 


£5L0°0-= 
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Aviation Fuels and Engines 


Some Observations on Their Present and Future Development 


By F. R. Banks 


Technical Manager, The 


UTURE engine developments for powers be- 

tween 2000 and 4000 bhp and the author's 
views on the form which such engines will take. 
together with optimum cylinder sizes and number 
of cylinders, are covered in the latter part of Mr. 
Banks’ paper. Because it concerns the possible 
future development of military aviation in Amer- 
ica as well as his own Country, the author consid- 
ers this part the important one. 


In the first part, he gives a short résumé of the 
aviation fuel position in Great Britain, and then 
goes on to describe some work which he has done 
in conjunction with the British Air Ministry and 
one of the aero engine manufacturers on very 
high-duty aviation engines. He also discusses 
what, in his opinion, is a characteristic of the 
American two-valve hemispherical cylinder head 
relative to British four-valve engines in regard 
to fuel behavior. He continues, mentioning cer- 
tain new developments, such as the treatment of 
poppet type exhaust valves with Brightray. 


Views on the single-sleeve valve and, in detail. 
the latest information on the development of the 
sinterkorund (sintered aluminum oxide) spark 
plug, are presented. The subject of direct injec- 
tion of gasoline also is dealt with. 


LTHOUGH I was asked, in the first place, to write on 
A “fuel,” a complete paper by me on fuel alone scarcely 
would be justified in view of the valuable work that 
already has been done, and is being done, on this subject in 
your own Country. A recent excellent paper by Heron and 
Beatty’ provides a large amount of data and, in my opinion, 
gives the best fuel picture to date. I decided, therefore, that 
it might be of greater interest if I confined myself to some 
observations on the fuel and engine questions, as I see them, 
from my contacts with the fuel suppliers, engine manufac 
turers, and aircraft operators. 


[This paper was presented at the World Automotive Engineering Congre-s 
of the Society, San Francisco, Calif., June 7, 1939.] 

1 See the Journal of the Aeronautical Sciences, Vol. 5, No. 12, October. 
1938, pp. 463-479: “Aircraft Fuels,” by S. D. Heron and H. A. Beatty 


{ssociated Ethvl Co.. Ltd. 


Present Fuel Position 


In so far as British aviation engines are particularly con 
cerned, these engines have been using 87-octane fuel, to British 
Air Ministry specification D.T.D. 230, for four or five years 
This knock-rating is obtained by the CFR modified Motor 
Method test. The difference between this test and the Motor 
Method (ASTM) procedure lies only in the mixture tempera 
ture which is 260 F (127 C) in the former case, instead of 
300 F ( 149 C). 

The modified Motor Method test is not necessarily much 
less severe than that of the Motor Method. But it generally 
gives higher octane-number readings than the latter in the 
case of benzol blends and other fuels which are characterized 
by their sensitivity to temperature. Leaded fuels of about 87 
octane which, for the British Air Ministry, usually are made 
up with straight-run gasoline and contain 4 cc of lead per 
Imperial gal (approximately 3.3 cc per U. S. gal), show 
about 0.5 to 1.5 octane numbers higher rating by the modified 
Motor Method in comparison with the ASTM procedure. 
This difference may be slightly greater, or even less, according 
to the type of gasoline employed. 

Fuel to D.T.D. 230 specification, supplied to the British 
engine manufacturers for type-test purposes, must contain 
4 cc of lead per Imperial gal and have an octane number of 
not less than 87 or greater than 89. This particular lead con 
centration is specified in order that engines may be developed 
to avoid any troubles in service, due to the use of lead. 

Whilst a 4-cc concentration has been insisted upon by thx 
Air Ministry for type and development tests, the fuel-supply 
ing firms could, if they wished, deliver fuel of lower lead 
concentration (but, of course, the same octane number) fos 
the R.A.F. in service. This was actually the case for some 
time, but the fuel now used in the field often has the same 
lead concentration (4 cc) as that employed for type test. 

At the time when the modified “Motor Method” test was 
adopted, or evolved, leaded aviation fuel was not in general 
use in Great Britain, and little or no investigation had been 
done in order to see whether this test method would give 
good correlation with such fuel in full-scale engines. Som« 
subsequent tests appeared to indicate that the Motor Method 
would give somewhat better correlation where leaded fuels 
were concerned, but it was not then thought that the smal! 
difference between the two tests warranted any immediat 
change. 

It can be said that 87-octane fuel, by the modified Motor 
Method test, is at present the standard fuel in use for high 
duty British engines. 

The British Air Ministry has encouraged the development 
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Table 1—Aviation Engine Data — 1939 























































































































mmasee) Taras ore Fuel INTERNATIONAL RATING MAX/MIUM POWER TAKE OFF POWER BAP PER SON 
ENGINE ENGINE ae [ret lar | Ns OF 2YS7OW AREA 
(NECHES | /NCHES RATIO . OCTANE ALTO 800ST AL7O 80057 80087 Ar 
Pp - rs 2 PM 
MANE TYPE mine | TRES \cu ms we | O44 | gece | ©P” | cas 0° | O~ reer | *?P“ | gs |o% ” 48S 0°| max POWER 
APRGT RATING 
7 P 
TIGER IX $5 ° 62 orm 327 4995 87 nement® md @250 | 23575 +44 8/0 6500 | 2450 +%& 8a0 2375 + 2% 4 
cz “e" ms P = . = _ 8 
TIGER Wi e : - ee Ue nae ao 6250 | 2375 Ye e60 6750 | 2450 fe MOOD. BLOWER ONLY 2 59 
ARMS TRONG-\ 2 SPEED BLOWER ° os : f i Fs Fs = 
y 12750 2200 +% 44250 2450 + % 920 2375 C2 2 34 
SIDDELEY tee "hae 780 
730/ F > a FULL 
7/GER YT 33 6 62 14 240 327 (995 ev” pov $000 2/50 +% 8/0 6500 2450 + 860 2/59 aemeriee! 244 
TIGER IXC 55 6 2 | eo| 327 995 jaz» | "¥% | gaso | 2375 | +%@ eo | 6500 | eso | «ve | 2%" | as7r5 | Mute one 
= 24 s a05 340 s-anggite THROTTLE 
PEGASUS XX 375 75 oo 9240 | 207 753 | a7" 635 as00 | 2250 3 925 |/0,000 | 2600 | +4#% 835 2475 +44 3396 
maton = 
PEGASUS 575 75 625 94D \ 287 (753 | 87" 750 4,750 | 2250 +2e@ 665 5,500 | 2600 | +5% 965 2475 + 5% 379 
2 SPEED BLOWER, : 
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of engines to use 100-octane fuel and, although the manutac- 
turers are taking advantage of this fuel, most of the engines 
are in the experimental stage only. Some R.A.F. squadrons 
are being suppiied with 1o0o-octane fuel mainly to observe its 
behavior but, since the engines have not been altered to take 
advantage of the increased knock-rating, the results naturally 
have been somewhat negative. 

This 1o00-octane fuel is at the moment supplied under a 
provisional specification, issued by the Air Ministry, and the 
CFR Motor Method is used in place of the “modified” 
Method to determine the rating. The fuel is matched against 
a primary reference standard of roo%o iso-octane (2.2.4 tri 
methylpentane), and a maximum lead concentration of: 4 cc 
per Imperial gal (3.3 cc per U. S. gal) is specified. 

The foregoing represents the British fuel position to date. 
But a considerable amount of work has been done in develop- 
ing new fuels and high-octane blending agents in the last year 
or two. This work has been initiated by the Air Ministry and 
carried out at the works of the various engine manufacturers 
with the close cooperation of some of the leading oil com- 
panies. The investigation has been done mainly on single- 
cylinder units of full-scale engines with fuels of the “roo- 
octane” variety. But, unfortunately, the results are still con- 
fidential, although, I think, one can say that the problem of 
obtaining correlation among such fuels of varying composition 
still remains a very real one. 

Apart from the obvious value of endeavoring to obtain bet 
ter blending agents of high octane number and good lead 
susceptibility, it might be expected that any attempted correla- 
tion between these fuels and the various full-scale aviation 
engines presented considerable difficulty in view of the wide 
variation in engine and fuel types. You are referred to Table 1 
in which particulars of the leading British engine types are 
given. 


2 See the Journal of the Institution of Petroleum Technologists, Vol. 23, 


No. 160, February, 1937, pp. 63-137: “Some Problems of Modern High- 
Duty Aero Engines and Their Fuels,’’ by F. R. Banks. 


The Napier “Dagger,” for instance, with its small-bore 
cylinders and high rotational speed was not limited, in any 
case, by the fuel, as regards performance and, in order to 
obtain some idea of the relative values of the different fuels 
tested, somewhat artificial test conditions were necessary. In 
Appendix I, I have given details of some tests which have 
been done on a twin-cylinder Napier “Dagger” unit with 87 
and 1oo-octane fuels. I am indebted to the Napier Co. 
and the Directorate of Scientific Research (D.S.R.) of the Air 
Ministry for the information and permission to publish this 
information. 

Referring again to Table 1, it will be noted that there is one 
engine, the Rolls-Royce “Merlin,” which also has been rated 
on 100-octane fuel (CFR Motor Method). 

One interesting point concerning British engines is that they 
appear to be able to take greater advantage of the temperature- 
sensitive fuels, such as gasoline/benzol and gasoline/benzol / 
alcohol blends, than do some of the typical American types. 
And, for a given total power output or, for that matter, specific 
power output, I submit that they compare very favorably with 
American engines in regard to the use of varied fuel types. 

This statement must not be taken to infer that American 
engines are inferior to British ones because this is certainly not 
the case. But, in Great Britain and Europe where most of the 
countries have no natural fuel resources, it is an advantageous 
characteristic that the present types of British engines are not 
sensitive to a fairly wide range of fuel types. 

I have had personal experience of cases where engines, with 
the hemispherical two-valve type cylinder head, gave trouble 
in the form of high head temperatures, and sometimes pre- 
ignition when running on gasoline/alcohol and _ gasoline/ 
aleohol/benzol blends, containing 20% and 30% of ethyl 
alcohol, whereas a well-known British air-cooled g-cyl radial 
engine with four valves per cylinder was able to use these fuels 
without trouble. Reference already has been made to the fact 
in a paper I presented in London in 1937.7 I have been en- 
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deavoring to account tor this peculiarity for some time past, 
and for what it is worth, give you my theory regarding it. 


To Swirl or Not To Swirl 

Referring to Fig. 1, you will note the swirl marks which are 
etched clearly on the two piston crowns shown in the photo 
graph. All the pistons belonging to the two engines from 
which these were taken had these marks. Both are from 
engines having the two-valve hemispherical type of cylinder 
head. 

Where the fuel, air charge as it enters the cylinder is given 
a rotational movement or swirl, the particular cylinder in 
question, in my experience, is generally more critical to spark 
plug position and more sensitive to ignition setting and, pos 
sibly, to the fuel it uses, than cylinders that do not have this 
characteristic, such as some of the typical four-valve types. In 
other words, the swirl probably represents stratified charge 
conditions. 

It would be interesting, in the cylinders concerned, to elim 
inate this swirl, trying afterwards a wide range of fuels, par- 
ticularly the more sensitive types, such as the alcohol and 
aromatic blends, and also some of the “cracked” gasolines. 

One of the reasons for my theory (and it is only a theory) 
regarding the behavior of certain fuels in some two-valve 
cylinders is that the charge condition or, rather, the way it 
behaves in the cylinder, is a characteristic of this type of cyl- 





Fig. |-—Swirl marks are etched clearly on the two piston 
crowns from engines of the two-valve hemispherical type 
of cylinder head 


inder which is not apparent in the case of the tour-valve types. 
The American type is as cool as comparable British air-cooled 
cylinders. Certainly the exhaust valve must be cooler since we, 
in England, use stem-cooled valves only, which run on the 
warm side. Therefore, one cannot say that high general or 
local temperature accounts tor the behavior. 

The fuel consumption of an American engine is also very 
good indeed, but I doubt whether this factor has special sig 
nificance or is related to the “swirl characteristic.” It is more 
likely to be due to the fact that, in general, for cruising, 
American engines operate at higher mep’s and lower rota 
tional speeds than their British counterparts, and it is this 
combination which has a beneficial effect on specific fuel 
consumption. 

In the case of one European engine with the: two-valve 
hemispherical head, it was thought that the relatively high 
mep, large cylinder bore, and low speed were mainly respon 
sible for an alcohol blend causing high cylinder-head temper 
atures. But lowering the mep and raising the rpm, in order 
to maintain the same power, did not improve matters to any 
marked degree. 

I recall some tests with which I was associated some years 
ago on a liquid-cooled two-valve single-cylinder unit. Two 
cylinder heads were made, one with a tangential inlet port to 
give a rotational movement or swirl effect to the charge, and 


“See SAE Transactions, Vol. 33, September, 1938, pp. 366-370: “Wear 
Reduction of Valves and Valve Gear.” by A. T. Colwell. 
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the other with ordinary “straight” porting. In those days little 
or nothing was known (only suspected) about the behavior 
ot different fuels and, in fact, gasoline/benzol blends were 
made up only to avoid, by a large margin, detonation at full 
power running. It was an interesting tact that, in making a 
fuel-consumption loop, that is, specific fuel consumption 
against bmep, the swirl-type head was more sensitive than the 
normal one, and unsteady running occurred when trying to 
extend the loop much beyond the bend in the “weak-mixture” 
range. The head with more normal porting allowed a much 
greater extension of the loop, in the “weak-mixture” direction, 
before unsteady operation occurred. The “swirl” head ap 
peared to be the more critical in regard to ignition ming and 
required about 8 deg (crank angle) less advance than the 
other head, not that a small “advance” is a disadvantage. 
Some consider that a cylinder which is comparatively insensi 
tive to ignition setting is badly designed from the point oi 
view of combustion. 

| have mentioned directional, or organized, swirl as opposed 
to normal, or unorganized, turbulence, but | am uncertain in 
my own mind whether or not there is a real difference be- 
tween the two in so far as engine performance, or operation, 
is concerned. I think that there is a difference but, even in the 
case of general turbulence, it is, probably, undesirable to have 
a high degree of this type of disturbance if a cylinder head is 
to retain good combustion characteristics. 

The typical American air-cooled cylinder has, however, very 
many advantages as a type. It is relatively easy to manufac 
ture and produce, and the valve gear can be enclosed and 
lubricated. The technique of the general valve design is excel- 
lent, and I can confirm the statements made by Colwell*, in 
his excellent paper, in regard to exhaust-valve life. I have 
seen, personally, many valves, taken from American engines 
in European airline service, which have run for a total of 
4500-5000 hr (with the usual servicing periods of 350-500 hr), 
and which have been reconditioned and rendered fit for fur- 
ther periods of service. In fact, I regard the American sodium- 
cooled hollow-head valve as the high water mark of poppet- 
valve development today. 

In Fig. 2 are shown sketches of the typical cylinder-head 
shapes and valve arrangements in use at the present time. 
(1) is the four-valve penthouse head so successfully developed 
by the Bristol Aeroplane Co. This type allows good breathing 
at comparatively high piston speeds due to a fairly large valve 
area and small individual mass per valve. But it presents 
somewhat greater manufacturing and production difficulties 
than does the American two-valve head, shown under (2), 
and the valves cannot be enclosed easily or lubricated ade- 
quately. Nor is it so practicable to use the hollow-head 
sodium-cooled valve. 
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Fig. 2-Typical cylinder-head shapes and valve arrange- 
ments in use at the present time 
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Table 2- Data ¢ on “Fancy” or “Stunt” Fuels 





Fuel No. 


“qa ae ] 2 
Straight-run aviation gasoline of 74 
octane number _ 
Light ae — sgh 5 oe 
Benzol. . ; < 78% 70% 
ES ee a Ae 10% 
 - Se 
eee a “6 
Light spirit (0.680). ...... aoe 22% 20% 
Ce PbEt, per Imperial and per U.S. gal 4 f 
(in parenthesis below) US. US. 
(3.3) (3.3) 
Specific gravity at 60 F. 0.8330 0.8285 
Water tolerance........ nil 0.5% 
Octane number (ASTM).... 96 95 
Octane number (without lead) 9116 92) 5 
Gross calorific value, Btu/gal 154,472 146,750 
Gross calorific value, Btu /Ib 18,550 17,710 
Latent heat, Btu/gal.... 1,377 1,615 
Latent heat, Btu/lb....... 166 195 





Note: Octane numbers of all leaded samples were determined with 
Imperial gal (3.3 cc per U.S. gal). See Appendix II. 





The four-valve flat-head arrangement shown under (3) and 
also the three-valve layout B, are typical designs for liquid- 
cooled engines. If anything, I prefer the three-valve job with, 
possibly, a single hollow-head exhaust valve, sodium-cooled. 
It allows better coring facilities in the cylinder head and 
better cooling of the exhaust valve in comparison with the 
four-valve arrangement. 
gear is possible. 

I do not think there is any doubt that, for air-cooled radial 
engines, the two-valve hemispherical head is to be preferred to 
all others, with the possible exception of the sleeve valve; how 
ever, more about the latter development later. 

In regard to cylinder-head shape, to improve combustion 
and avoid or mitigate detonation, I do not believe that fancy 
cylinder-head shapes are necessary or desirable for aviation 
engines. In fact, by the time adequate valving has been pro- 
vided, there is little opportunity to develop an oddly shaped 
combustion space. Certainly, the combustion chamber should 
be as compact as possible and, after providing for adequate 
valving, the cooling of the valves, spark plugs, combustion 
chamber walls, and piston should be exemplary. 

Odd combustion-chamber shapes and abrupt changes of 
section make for difficulties in production and cooling. In the 
case of the multicylinder in-line type of engine, accurate repro- 
duction of an odd-shaped combustion chamber space practi- 
cally demands the use of a Keller die-sinking, or copying, 
machine, since even small differences between one cylinder 
head and another can make a relatively large difference in 
compression ratio, which may cause roughness of operation. 


Also, a more simple valve operating 


Fuels: Plain and Fancy (Stunt) 


Personally, one is in general agreement with Heron and 
Beatty! in the concluding part of their paper where, in the 
last paragraph but one, they say: “by and large, in the light of 
present knowledge, straight-run gasolines (or synthetic gaso- 
lines of similar properties) and branched-chain paraffins are 
the outstandingly useful aviation fuels. They are stable in 
storage, have very low water solubility, give the highest heat 
ing values, and their octane numbers are subject to only a 
slight variation with engine type or operating conditions.” 
But outside America, the type of fuel to be used depends 
somewhat upon the political aspect, and whether the general 
fuel supply is to be considered mainly from a military or civil 
viewpoint (generally the former). In some of the highly 
nationalized countries home-produced fuels have to be con- 
sidered and, in Poland, for instance, because of the relatively 
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55% 
20% 20% 
30% 22% 60% 60% 702; 
60% PEK ee 20% 20% 10% 
me 23% 
10% 
20° 
5 7 10 4 7 
USS. US. US. US. U.S 
(4.1) (5.8) (8.3) (3.3) 5.8 
).8245 0.7705 0.8135 0.8135 0.8285 
14.3% 1.72 1.1% 1.19 0.5% 
92 9014 96 95 96 
92 SS 93 93 921 
104,580 139,777 137 , 120 137,120 146,750 
12,685 18,140 16,860 16,860 17,710 
2,887 1,522 1,678 1,678 1,615 
350 198 206 206 195 


blends of C.11 and F.1 having a constant lead concentration of 4 cc 
The unleaded samples were matched against blends of C.11 and F.1, unleaded. 


large quantities of alcohol available, it 1s probable that di 
isopropyl ether will be produced there. In Italy, gasoline 
alcohol blends plus lead are encouraged, but some of the air 
cooled radial engine types have difficulty in using such fuels 
for the reasons previously stated, and normal leaded fuels are, 
therefore, also available. 

Germany makes use mainly of imported straight-run gaso 
lines and, also, synthetically produced gasolines plus lead. So 
far as I am aware she does not depend upon the alcohols o1 
benzol to any extent for her aviation fuel requirements. 

Although, in my opinion, British engines operate very wel! 
on the so-called temperature and pressure-sensitive fuels, such 
as the benzol and alcohol blends, the conclusions expressed by 
Heron and Beatty should apply equally well to Great Britain 
In so far as synthetic fuel production in my Country is con 
cerned, it is possible that various high-octane blending agents, 
which vary widely in their characteristics, may be produced 
in which case the best use would have to be made of them in 
time of national emergency, such as war. And, I think, ou 
engines will not suffer too badly in having to digest a wice 
variety of fuels. 

The rating of fuels of around 100 octane number may 
demand the use of the supercharged knock-testing motor, as 
developed by the Ethyl Gasoline Laboratories or the Delft 
Laboratory of the Shell Co. But it is hoped that it eventually 
will be possible to use a knock-testing method which will not 
necessitate the employment of a supercharged unit, since th 
procedure of checking fuel samples will then tend to becom: 
somewhat unwieldy and expensive. The bouncing pin prob 
ably will be discarded for any method employed to rate th 
high octane number fuels, that is, those fuels of about 95 to 
100 octane, and higher. Personally, the U.S. Army Air Corps 
test method appeals to me as one which gives comparatively 
consistent results, and it appears a dependable procedure for 
the rating of such fuels. It is probable that this method would 
require some modification in order to cover present-day r 
quirements, and I am also aware that the unit itself demands 
attention at more frequent intervals than does the standard 
CFR engine, which operates at the conditions specified by the 
“Motor Method” (ASTM) procedure. But, even so, it is to 
be preferred for routine testing to any method involving 
supercharging. 

However, correlation between the knock-testing unit and 
full-scale aviation engines will still be somewhat of a problem 
on account of the wide variation in fuel/air ratio at which the 
aviation engine must now work, and particularly where a 
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wide range of engine types are concerned. We, in England, 
probably have a greater variety of types than any other coun 
try: liquid-cooled, air-cooled, moderate and high speed, poppet 
and sleeve valves, single and double-row radials, V-type in-line 
motors and H engines. 

The development in Germany of direct fuel injection is, in 
my opinion, exceedingly interesting. I am naturally aware ot 
the work which already has been done with gasoline injection 
in America, but the German aero-engine manufacturers are 
now in quantity production on injection engines and, appar 
ently, the carburetor is being eliminated steadily, except for 
the smaller engine types. Personally, | think that it is a step 
in the right direction, particularly when one considers the 
distribution problem in regard to the very large engines of the 
future, having 24, or even more, cylinders. 

Timed or direct injection of fuel into the individual cyl 
inders surely will help toward low cruising fuel consumption. 
But, since this section of my paper is more particularly con 
cerned with correlation problems, | would suggest that direct 
injection will permit the use of single cylinders (of full-scale 
engines) for the purpose of fuel correlation, with less chance 
of the results being affected when the fuel, or fuels, are used 
eventually in the full-scale motors. Because of the relatively 
wide mixture-strength range at which the modern engine 
must operate to give high take-off power and also low cruising 
fuel consumption, accurate estimation of the fuel, air ratio 1s 
necessary during the fuel correlation tests and, 1n my opinion, 
exhaust-gas analysis should be taken when the tests are being 
conducted. 

So far as | am aware, all the German injection types spray 
the tuel directly into the cylinders. In these days when high 
specific power outputs are required with low tuel consumption 
for cruising purposes, the importance of obtaining good dis 
tribution of the fuel to the engine cylinders cannot be over 
stressed. Modern conditions and requirements have empha 
sized this point, and have shown that it is not an easy matter 
to hold a large proportion of “wet fuel” in the air and make 
sure that each cylinder receives the same charge quality. I say 
this, even though I am aware of the good results which are 
being obtained with some of the modern carburetion systems. 

In this connection, we have intormation in Europe that 
some of the American engine manufacturers are requiring 
more volatile fuels for their engines, and the normal distilla 
tion characteristics of the fuels specified by most European 
countries, that is, 50% at roo C and go‘ at 150 C, are not 
completely satisfactory from the point of view of distribution. 
But it is unlikely that there will be any important changes in 
volatility, however desirable, at least tor some time to come, 
since most of the specifications are controlled largely by the 
requirements laid down by the governments of the countries 
concerned. In addition, the higher fuel costs in Europe make 
such changes undesirable and tend to limit further the avail 
ability of suitable aviation fuels. 

The use of the direct-injection fuel system, although not yet 
general by any means, possibly will become greater in the next 
few years and will have some influence on the volatility ques 
tion. It may be that fuels of very much lower volatility can 
be used where direct injection into the cylinder is employed. 
Fuel-injection systems are also being tried in European coun 
tries other than Germany, and some are already in an ad 
vanced state of development. 

There is yet another important point which has some bear 
ing on fuel volatility and correlation and on the performance 
of different fuels in full-scale engines. This point concerns the 
distribution of lead throughout the fuel or fuel fractions in 
the distribution system of the engine. I have noticed, in one 
or two cases, that certain cylinders of some engines show a 
greater amount of lead deposit than others when running at 
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Fig. 3 — Distillation characteristics of “fancy” or “stunt fuels 


the richer mixtures, that is, when the engine is operating at 
full power or at a high proportion of its full power. The 
increase in deposit is more noticeable on the spark plugs than 
anywhere else, that is, so far as visual examination is con 
cerned. 

This question of lead distribution in the fuel fractions 
already has been noted and investigated by the Ethyl Gasoline 
Laboratories in so far as automobile engines are concerned. 
But I did not think that it would be apparent in an aviation 
engine because of the latter’s different operating conditions, 
meaning that the aviation engine is, essentially, a constant 
speed and load job, as distinct from the automobile engine in 
which the speed and load vary practically the whole time. As 
previously mentioned, this phenomenon generally occurs in 
the engines concerned at normal or at rich mixtures but, when 
running at the weak mixture condition, the distribution is 
much improved and all cylinders and spark plugs show 
(roughly) the same type of deposit, but less in total amount. 
The explanation of this condition is, apparently, that less total 
fuel is present in the system at weak mixture conditions, thus 
tending to more equal distribution. 

Speaking of correlation or, perhaps, lack of correlation, | 
give herewith some details regarding what might be termed 
“tancy” or “stunt” fuels. Referring to Table 2, it will be seen 
that these fuels are mainly gasoline/benzol/alcohol blends, 
plus lead. They were prepared particularly for record-breaking 
liquid-cooled aviation engines of high specific power, and 
alcohol was included in order to lower the boost temperature 
and thus increase the density of the charge. In other words, 
the fuels were designed to augment further the engine power, 
apart from allowing increased power by boosting, due to their 
high antiknock value. 

The distillation characteristics of these fuels are shown in 
Fig. 3 and, with the exception of No. 3, all operated well with 
respect to distribution and response of the engine to the 
throttle. 

These fuels were developed from that shown in column 1 
(Table 2), which was the fuel used by the winning Rolls 
Royce “R” (racing) engine used in the 1929 Schneider Trophy 
and for the subsequent World air-speed record of the same 
year. This fuel was made up somewhat hurriedly and re 
placed the 100% benzol fuel which was used in the early 
development of the “R” engine. 

This fuel (No. 1) was used again in 1931 as a “reference” 
for the further fuel tests made in connection with the devel 
opment of the more powerful “R” engine for the Schneider 
Trophy Contest of that year. From No. 1 fuel was developed 
Fuel No. 2, in which 10% of methanol was included, taking 
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Fig. 4—Comparison of Nos. |, 2, and 3 
Rolls-Royce "R" engine 


“stunt” fuels in 


the place of 8% of benzol and 2% of gasoline, of the old fuel. 

A comparison of the two fuels, in the 1931 
shown in Fig. 4. 

After winning, and thus retaining, the Schneider Trophy 
in 1931, it was decided to attempt to raise the World air-speed 
record and “put it over the 400-mph mark.” Due to consid- 
erations of policy, the engine could not be modified, except in 
minor details, in order to obtain the extra power required to 
exceed 400 mph. Therefore, it was decided to speed up the 
engine by 200 rpm and alter the fuel to give this power in- 
crease. The fuel finally chosen, after somewhat hurried tests, 
was that shown in column No. 3 of Table 2, and the improve- 
ment in power obtained with this fuel is clearly shown in 
Fig. 4. As might be expected, No. 3 was a very bad fuel from 
the point of view of distribution, and some difficulty was 
encountered in using it. The procedure was as follows: 

After thoroughly warming up the engine it was stopped, 
covered with blankets, and the supercharger and distribution 
system were drained of excess fuel. Meanwhile, the pilot was 
settled into the cockpit, ready to open the throttle wide as soon 
as the engine was started, after draining the induction system. 
At any throttle opening up to an indicated air speed of about 
200 mph the engine showed signs of damping out, due to an 
excessive amount of wet fuel in the distribution system. But, 
at full throttle, everything went well and the recora 
above the 400-mph mark. 

Fuel No. 4 was that used by the 2800-bhp Fiat engine of the 
Italian machine which eventually broke this record and, at the 
time of writing, still retains it. 

The curves given in Fig. 5 show the influence of the latent 
heat of evaporization of the fuel upon power, boost pressure 
and boost temperature, as applied to the “R” engine. 

Fuel No. 2 was used by Campbell and Eyston in their suc- 
cessful attempts on the World land-speed record, and by 
Campbell for his water-speed record. 

The fuels shown in columns 5, 6, and 7 of Table 2 are 
recent developments of Fuel No. 2 for a very high duty liquid- 
cooled engine. 

These stunt fuels or cocktails are, I think, interesting, if 
only to show how the aromatics and alcohols can behave in 
some high-duty cylinders, and to confirm, if confirmation is 


“R” engine, is 


is raised 


necessary, that they cannot be evaluated properly by the CFR 
ASTM procedure. I do not, however, consider such fuels to 
be practical for any purpose other than that for which they 
were intended originally. 

In connection with the development of Fuels 5, 6, and 7 
some preliminary runs were made with Fuel No. 2 and also 
a more normal r1oo-octane (ASTM) fuel, to ascertain the 
effect of different lead concentrations. These tests were car 
ried out on a single-cylinder unit of the full-scale engine and 
no attempt was made to obtain the relative antiknock qualities 
of the fuels at maximum economy or maximum power con 
ditions. In all cases, the consumption was set as close as 
possible to “weakest maintained” and the bmep noted at 
which detonation was audible at 20 ft 
engine. 

The supercharged unit had a pressure carburetor and th 
necessary surge tank equipment, with provision for heating 
the intake air. The results of the tests are given in Table 3. 

Finally, for the full-scale engine, the methanol content of 
Fuel No. 2 was increased by a further 10%, resulting in 
Fuels 5 and 6. Like many such tests, on full-scale high-duty 
racing engines having relatively short life, it was not possibk 
to run strictly comparative, or prolonged, fuel tests to check, 
for instance, the lead response of these fuels (which onc 
would not expect to be very good) in this engine. The high 
lead concentration was, therefore, mainly considered, at first, 
as a safety margin. But it is interesting to note that all thre 
fuels (5, 6, and 7) gave a superior power to the “1roo-octanc 
plus 6” fuel, mainly on account of their methanol content, 
and No. 5, which varied from No. 6 only in its lead concen 
tration, was not apparently any better than the latter in the 
full-scale engine. But, since it was not possible to increase 
further the boost in this case and the engine was working well 
within the limit of the fuel, No. 6 finally was adopted. 

These fuels, although their knock ratings (ASTM) are well 
below that of the 100-octane fuel mentioned, are “worth” any 
thing from 260 to about 330 lb per sq in. bmep in the cylinders 
concerned. The former figure was the normal mep of th« 
1931 Rolls-Royce Schneider “R” engine on No. 2 fuel, which 
engine also gave over 300 lb per sq in. mep on No. 3 fuel, 
although it did the speed record at about 270 lb per sq in 
The fuel consumption of the more modern full-scale poppet 


distance from the 


Table 3 — Results of Tests on Fuel No. 2 and 100-Octane 
Determine Effect of Different Lead Concentrations 


Fuel to 


Rpm = 3000 

Coolant = Water at 94 C outlet 
Boost Air Temperature = 133 C 
Compression Ratio = 6:1 


Bmep, Boost 
lb per sq in., pressure, in. hg 
Octane No. for 20 ft of | above normal 
Fuel ASTM detonation pressure 
Gasoline-benzol-methanol 
20/70/10 + 4ec........ 95 265 28 .6 
Gasoline-benzol-methanol 
20/70/10 +- Tec. ....... 96 300 33.2 
Gasoline-benzol- methanol 
0/70/10 + 10cc....... 96 None up to 300 34.0 
100 octane. a os 100 227 22.4 
*100 octane r 3ec. 2: 262 26.1 
*100 octane + 6cee None up to 302 35.7 





*The 100-octane fuel already contained 4 cc of lead per Imperial gal 
(3.3 cc per U.S. gal); therefore, those marked with an asterisk had a 
total of 7 cc per Imperial gal (5.8 cc per U.S. gal) and 10 cc per 
Imperial gal (8.3 cc per U.S. gal), respectively. 

Note: The motoring losses of this unit, also allowing for boost, are 
equivalent to about 25 Ib per sq in. bmep. This figure can, therefore, be 
added to those mep’s in the third column, and they will then be repre 
sentative of full-scale engine performance. 
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valve engine under discussion with No. 6 fuel, was 0.68 lb per 
bhp-hr at a bmep of 327 lb per sq in. 


New Developments 

Exhaust Valves —It is a well-known fact that the develop 
ment of high-octane fuels containing lead and the high powers 
permitted by the use of such fuels, have combined to give the 
exhaust valve a harder life. I would, therefore, like to men 
tion one or two points concerning valve technique in my 
Country. 

The hollow-head sodium-cooled valve is not employed in 
British engines, mainly because of the four-valve cylinder head 
which only permits the use of small valves. There are also 
some two-valve engines —one, in particular, has very small 
cylinders and the other has a somewhat lower power rating 
than the average engine of its type. 

Personally, | favor the hollow-head valve and would always 
advocate its use, where possible, even for small cylinders. 
Valves in British engines have sodium-filled stems only and 
run somewhat hotter than the hollow-head type. Other things 
being equal, the small valve is generally stiffer, mechanically 
than the large valve, and, therefore, is somewhat more difficult 
to keep gas-tight if there is any cylinder-head distortion pres 
ent. This condition is often evident in the case of the four- 
valve type of head. However, the hotter-running head of the 
stem-cooled valve allows it to conform more readily to any 
seating inequalities and compensates to some extent for its 
other disadvantages. 

The stem-cooled valve has one particular disadvantage asso- 
ciated with its hotter head, and that concerns the scaling and 
hot corrosion of the head surface which may lead to detona- 
tion and, eventually, to preignition. In order to overcome this 
trouble some British engine manufacturers coat the valve-head 
surface with a material known as “Brightray” (H.C. grade), 
which is an alloy of 80% nickel and 20% chromium. Bright- 
ray is superior to Stellite for this purpose, and tests made in 
England indicate that, to suffer the same degree of corrosion 
attack, Brightray would have to be subjected to a higher tem- 
perature than Stellite by about 100 C. 

Brightray is being used by one firm (Rolls-Royce) for treat- 
ing the valve face as well as the valve-head surface, with the 
result that the valve condition has been improved greatly, 
compared with the previous Stellite-faced valves. 

Brightray is much softer than any of the Stellite grades, 
being only about 220-230 Brinell, similar to the average 
austenitic steel employed for the valve itself. It is, however, 
more ductile than Stellite and does not suffer in the same way 
from cracking. The melting point of Brightray is higher than 
that of Stellite, being about 1375 C (2507 F). But this prop- 
erty does not seem to make its application more difficult. The 
cost of Brightray is approximately one-third that of Stellite in 
Great Britain. 

[ have not seen any really bad valve failures, as yet, with 
Brightray, and it does not seem to produce that “channel” or 
“gutter” across the valve face which is characteristic of a 
Stellite failure. After running for a relatively short period, a 
Brightray-faced valve has a pock-marked or pitted appearance, 
but the pits are, apparently, mechanical indentations which get 
hammered out as the running hours increase and the seat 
surface improves and work-hardens. 

Complete valves from Brightray forgings are now being 
tried and, so far as the tests have gone, are proving quite 
successful. It is, however, a doubtful point as to whether they 
will be cheaper than a valve of austenitic steel, Brightray- 
treated. 

The valve steel most commonly used in British engines at 
the present time is one conforming, generally, to the British 
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Air Ministry material specification D.T.D. 49b. Particulars of 
this steel are given in Table 4: 


Table 4 - Properties of British Valve Steels 


C 0.35 -— 0.45% 
Cr 12.50 -— 14.50% 
Ni 12.50 14.50% 
Mn 0.50 1.00% 
Si 1.00 1.75% 
W 2.00 3.00% 


S and P 0.03% maximum. 


The steel insert has replaced entirely that of aluminum 
bronze, and various valve and insert combinations are given 


in Table 5: 


Table 5 — Valve and Insert Combinations 


Valve and Valve-Face Material Insert Material 
A D.T.D. 49b Stellited N.M.C.* 
B_ D.T.D. 49b Stellited N.M.C. Stellited 
C D.T.D. 49b Stellited D.T.D. 49b 
D_ D.T.D. 49b Stellited D.T.D. 49b Stellited 
E_ D.T.D. 49b with Brightray 


Silerome No. 1 
F D.T.D. 49b with Brightray D.T.D. 49b 


*N.M.C. consists of: Ni, 12%; Mn, 5%; Cr, 3.5%; C, 0.5-0.6%; 
Si, 0.5%. 


Combinations B and E are in service today in some of the 
highest duty British engines. I prefer E in comparison to B; 
the Silcrome insert has superior heat conductivity compared 
with N.M.C. and, when fitted properly, does not appear to 
stress the head material so highly as the latter. C and D are 
also superior combinations to B. 

The differential valve-seat angle, in which the seat angle of 
the insert differs by approximately 0.5 to 1.0 deg from that of 
the valve, is employed by most British manufacturers today. 
Referring to Fig. 6, it will be seen that the valve, when cold, 
rests on the larger diameter of its seat. Under working con- 
ditions the valve face angle changes slightly, and the valve 
then takes advantage of the full seat width. This angular 
difference is still apparent after the engine has run for long 
periods up to its servicing time. 

The Single Sleeve-Valve (Burt type) —- A. H. R. Fedden and 
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the Bristol Aeroplane Co., Ltd., are to be congratulated on the 
successful development and application of the single sleeve 
valve to the aviation engine, and it can now be considered well 
beyond the experimental stage. In fact, certain models are in 
quantity production at the Bristol plant. 

Personally, although I am aware of its good points, I am 
not yet convinced that this type of valve will supplant entirely 
the poppet valve. Three or four years ago one might have 
thought that the advent of the sleeve-valve would be a heaven. 
sent opportunity for discarding the poppet type because the 
latter was then the cause of considerable anxiety regarding the 
further development of the high-duty engine and its ability to 
use high octane number leaded fuel without trouble. Now, 
however, one is not so sure of the sleeve-valve’s future, since 
the practically universal use of leaded fuel has caused better 
and more reliable poppet valves to be developed — so much so 
that the valve is not now, or should not be, regarded as the 
main factor affecting reliability and limiting the operational 
time of the engine between servicing periods. 


Sleeve-Valve Claims Answered 


The advantages claimed for the single sleeve-valve by its 
adherents and protagonists may be summarized as follows: 

a. It needs no attention between the main servicing periods 
of the engine. 

b. By elimination of the exhaust valve a hot-spot in the com 
bustion chamber is dispensed with, enabling a higher compres 
sion ratio to be used with a fuel of given octane number. 

c. A flatter consumption “loop” is possible without running 
into the troubles often associated with the poppet valve at 
“weak” mixtures. 

d. Its breathing is better than that of a poppet valve at high 
engine speeds, that is, it has superior volumetric efficiency. 

e. It allows a more compact engine to be designed and 
higher sustained power outputs to be obtained. 

f. Leaded fuel can be used without apprehension or trouble 
in a sleeve-valve engine. 

Taking these points in their order, and referring to a., the 
same can now be said of the poppet valve which, in the case 
of modern examples, need not be attended to between ser 
vicing periods. Many of these poppet valves have a total life 
of 4000 hr and more in airline service. 

The factors which now limit the running time of an en 
gine between servicing periods appear to be: piston-ring gum- 












































Fig. 6—In the differential seat angle shown, the valve when 

cold rests on the larger diameter of the seat; when hot the 

valve-face angle changes slightly so that the valve takes 
advantage of the full seat width 





ming, the large-end connecting-rod bearing of a radial engine, 
and the center main bearing in the case of an in-line type 
engine. Because of the somewhat higher working temperature 
of the sleeve-valve engine piston, it is quite possible that thas 
type of engine may not be able to run for any greater length 
of time than the best poppet-valve examples before servicing 1s 
necessary. 

The point raised in 6. may be somewhat misleading if it 1s 
not considered carefully. In comparison with the sodium 
cooled valve, particularly the hollow-head type which operates 
at temperatures not much greater than 550 C, there is prob 
ably little to choose between the two. But, in fairness to the 
sleeve, it should have the advantage in this respect. However, 
even if a higher compression ratio can be permitted with the 
sleeve-valve, it may not be possible to take full advantage ot 
this feature in the case of very highly boosted engines because 
of the higher peak combustion pressures which are inevitable 
with increase of compression, and the limitations imposed by 
these pressures on the bearings, and so on. Also, there is some 
risk that the sleeve may deform and bulge at the cylinder 
ports with high pressures. Whether or not “mechanical efh 
ciency,’ as such, is of very great importance, or rather, 
whether an increase or decrease of 1 or 2% in mechanical 
efciency above or below average matters very much is ques 
tionable, provided that the necessary power is available at the 
propeller shaft and the engine has good distribution and com 
bustion characteristics, which allow the mixture strength to bc 
reduced satisfactorily for obtaining low cruising fuel consump 
tion. But it is possible that the higher compression ratio pet 
mitted by the sleeve-valve only just balances the slightly lower 
mechanical efficiency which, in my opinion, this type of en 
gine must have in comparison with a modern poppet-valv« 
motor. 

This leads us to c. Although a flatter consumption loop 
has been claimed, there is no reason to suppose that a similar 
type of loop cannot be obtained with a poppet-valve engine 
In fact, I have seen equally good examples taken from engines 
of the latter type, recently, without encountering trouble. This 
feature is often more important than compression-ratio in 
crease, since it is the ability to run well weakened off which 
tends to give a greater measure of fuel economy at cruising 
power. 

Referring to d., although it appears to be generally accepted 
that the sleeve-valve gives superior breathing at high engine 
speeds, I have yet to see strictly comparative tests in this con 
nection with a poppet-valve of absolutely modern design. Also, 
it depends upon what is meant by “high engine speeds.” 
Crankshaft speeds up to 3000 rpm and piston speeds of 3000 
to 3200 fpm, are within the capabilities of the poppet valve, 
and it is doubtful whether there will be any advantage in 
exceeding these speeds very much for large engines. Certainly, 
mep’s will increase, and any increase in the speeds mentioned 
will, no doubt, be governed by the balance struck between 
gas and inertia loading. Even if speeds do increase, I suggest 
that the sleeve-valve may even show a relatively low volumetric 
efficiency at high speed because of its poor orifice coefficient 
or characteristic. It is doubtful if all the inlet ports of a sleeve 
valve “pull their weight” equally due to their different shape, 
meaning that they all vary in airflow to each other under 
operating conditions. 

In regard to ¢., there is, I submit, little advantage to show 
regarding compactness in practice. The air-cooled radial en 
gine, when finally cowled, appears little, if any, smaller in 
diameter than its poppet-valve counterpart. Where the air 
cooled type is particularly concerned and if the spark plugs 
are located, as they usually are, in the junk head, the deflec 
tors and baffles, which are necessary to cool them, prevent the 
cowling from being brought immediate to the cylinder head. 
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In the case of the in-line engine, which will be the type em- 
ployed for large engines of the future, the question of compact- 
ness probably will be determined by the ability, or otherwise, 
of a number of sleeves to work in a monobloc casting. The 
distortions, which often occur with this type of construction, 
may affect the control of the lubricating oil and, therefore, 
its consumption. If separate cylinder construction is neces- 
sary, then a less compact engine will result. Liquid cooling 
is, | submit, desirable in order to pitch the cylinders as close 
as possible to each other. The claim of sustained high power 
does not apply only to the sleeve-valve engine, and full-scale 
poppet-valve engines already have produced higher specific 
power outputs than those at present claimed for single-cylinder 
sleeve-valve units. One poppet-valve engine with which | 
have been associated, for fuel tests, has produced 8.0 bhp per 
sq in. of piston area, or 80 bhp per | (1.3 bhp per cu in.). 

Referring to f, it is true to say that, so far, there is nothing 
to suggest that the sleeve will suffer from any trouble due to 
the use of leaded fuel. Hot corrosion attack is not evident; 
nor has cold corrosion been apparent. The comparative free- 
dom from the latter trouble may be because enough of these 
engines have not yet been produced to provide the necessary 
mass data. But as there is generally more oil on the sleeve 
surfaces than is the case with the ordinary cylinder, no greater 
degree of cold corrosion attack is anticipated. The poppet 
valve, however, does not now suffer from those troubles previ- 
ously associated with the use of leaded fuel. 

I wish to infer, by the foregoing remarks, that the single 
sleeve-valve engine, although promising, has not shown itself 
to be a development which demands immediate adoption, 
regardless of all other considerations. Therefore, like many 
new developments in the aviation field, the final answer can 
only be given after a large number of engines have done a 
considerable amount of running under normal service (flight) 
conditions. 

Although the Bristol Aeroplane Co., has confounded critics 
by showing that overheating of the piston need not necessarily 
occur with the sleeve-valve, at least not at the present powers, 
the average temperature is, undoubtedly, somewhat higher 
than that which is usual for the piston of a comparable pop- 
pet-valve engine. For larger engines, or engines of still higher 
specific power ouiput, this factor may necessitate an increase in 
piston scantlings, or even positive cooling (by oil), thus mak- 
ing a heavier piston. If this should be the case, then it may not 
be possible to increase the engine speed appreciably, which 
is one of the principal advantages claimed for the sleeve. 

The development of the sleeve-valve engine by the Bristol 
Aeroplane Co., therefore, should not be too great an influence 
in favor of its immediate adoption by others, without a thor- 
ough study of their particular engine requirements before- 
hand. But there is little doubt that the sleeve will have its 
place beside some of the poppet-valve types in the future, and 
the Bristol Co. has done a very excellent job of work in bring- 
ing the single sleeve-valve to its present state of development. 

Spark Plugs —- One of the most important developments in 
England in the last year or so concerns the sintered aluminum- 
oxide spark-plug insulator. There is little doubt that the mica- 
type plug is fast approaching its limit of usefulness and 
reliability where high-duty engines are concerned. And it is 
my view that mica, as a spark-plug insulating material, will 
disappear in a year or two. 

Sintered aluminum oxide was first produced as a spark- 
plug insulating material by Siemens in Germany, with the 
trade name of “Sinterkorund.” There are now a number of 
similar materials with sintered aluminum oxide as their basis. 
But, I believe, Siemens claims that its material in its finished 
state is purely sintered aluminum oxide, whereas the others 
are not, and contain fluxes and binders, and so on. In all 
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the cases that I have in mind, however, plug insulators ot 
this material, or modified forms of it, have proved very satis 
factory, particularly where leaded fuels are concerned. The 
principal advantage of sintered aluminum oxide is that it is 
not attacked by the combustion products of leaded fuel, 
whereas mica suffers in this respect. 

One of the principal difficulties in developing the alumi- 
num-oxide insulator has been to ensure gas-tightness of the 
finished plug. Also, there was considerable difficulty in the 
early stages of development in obtaining a satisfactory g+s 
seal and in avoiding cracking of the insulator nose due to the 
differential expansion between the insulating material and 
center electrode. 

These difficulties have been overcome satisfactorily, and the 
sinterkorund-type plug is now past the experimental stage 
and will gradually take the place of the mica plug. Already, 
it is very successfully used in large quantities in Germany for 
high-duty engines and, for that matter, other engine types 
as well. 

At the time of writing, the mica plug is still in use in Eng- 
land, practically 100% but, in a month or so, large quantities 
of the sintered-aluminum-oxide variety should be in actual use. 


Earth Wires Aid Plugs 

The mica plug has done very well to date, but it is notice 
able that its servicing periods and total life are being reduced 
steadily as the engine duty is increased. One interesting de 
velopment, which has helped the mica plug and is also prov 
ing very satisfactory for the sintered korund types, is that of 
the fine earth wire. This was first described by me in the 
paper” referred to earlier. 

These earth wires, which are about 0.020 in. in diameter, 
are arranged radially around the center electrode. Any num 
ber, from about four to eight, are used, the greater the num 
ber the lower the rate of point erosion and gap widening. 
The wires are of platinum/iridium or platinum/rhodium 
alloy. At the moment, there appears to be some doubt as to 
which alloy is better, but I think the former has proved more 
satisfactory all around. The former alloy contains about 20% 
iridium and the latter, 10% rhodium. Increasing the rhodium 
above this figure gives unsatisfactory results. 

Pure platinum, alone, has been tried but, although it is 
fairly satisfactory for weak-mixture operation, it is no good 
for normal or rich-mixture running because of the action of 
CO and that of the combustion products of leaded fuel. 

Many have thought that the thin earth wire would lead to 
preignition, but there is no evidence of this difficulty, and 
plugs still have to be chosen from the point of view of the 
heat capacity of the insulator and center electrode. 

Another contention was that the thin wires would be but- 
fetted by the gas blast and would not preserve their gap set- 
ting. Precautions are taken to avoid such trouble, and they 
are ingenious. If you refer to Fig. 12 you will note that 
there is a short stub of wire superimposed upon each earth 
wire, and you will also note that, in the case of this plug, 
which is of the sinterkorund type, the earth wires are ar- 
ranged at the side of the center electrode, close to the insulator 
tip. It was noticed, in some of the earlier plugs, that the 
earth wires showed signs of erosion between the plug shell and 
the periphery of the insulator. The fitting of these stub wires 
has stopped this trouble. They apparently act as deflectors 
to the gas blast. Also, by placing the wires close to the in- 
sulator tip they appear to avoid the direct blast which is 
deflected along the sides of the insulator. The fine earth wire 
reduces the fouling tendency of the plug to oil, and so on. 

The life of a plug, having thin or fine earth wires, is that 
of the wires themselves, since it is not apparently practicable 
to replace them. In this connection it is interesting to note 
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Fig. 7- Example of "pin-holing" and its ultimate effect 


that a case has occurred recently in airline service where such 
(mica) plugs have operated in a modern high-duty engine for 
200 hr without removal, and have had a total life of 4o00- 
500 hr. 

Compared with the more conventional mica plug, which 
has to be removed after every 50 hr of operation for adjust- 
ment and cleaning, and has perhaps a somewhat longer life 
of 700-800 hr, there is little doubt that the thin earth-wire 
type is a more profitable proposition because of lower servic- 
ing costs, despite its somewhat shorter life. Actually, the aim 
of the manufacturers of this plug is to place a sinterkorund 
type on the market which will operate for 100 hr, without 
attention, and have a total life of 600 or 700 hr. 
tically, a plug of this type is now available. 

The use of sinterkorund in place of mica will avoid two 
types of trouble which have been on the increase of late, par 
ticularly in the case of the higher duty engines. The first is 
known as “pin-holing”; a very small hole appears in the mica 
insulation and, immediately, the plug cuts out and becomes 
useless. “Pin-holing,” or puncturing of the mica is probably 
due to some slight defect in the mica or the construction of 
the insulator. However carefully controlled the manufactur 
ing process is, it is almost inevitable that in one or two plugs 
there will be some small voids or spaces between the mica 
wrapping, immediate to the center electrode, and the mica 
washers, or discs, comprising the outer protective insulation. 
An example of pin-holing and its ultimate effect is shown in 
the photographs in Fig. 7. This difficulty, plus some gap 
widening, in a highly boosted engine, is sufficient to break 
down the insulation, which is weakened at these points, and 
to cause plug failure. In addition, the insulation is attacked 
by lead deposits, which actually have been found below the 
outer surface in some cases between the mica layers. Also, 
the deposit on the insulator and any deposit and/or carbon 
on the inside of the plug shell reduces the free space between 
the insulator and shell. If the “pin-hole” occurs, as it often 
does, about half-way up the insulator, there is a relatively 
short leakage path along which the current can discharge to 
the plug shell. And this condition is made particularly easy 
if the insulator and shell surfaces have a coating of lead de- 
posit, the electrical resistance of which breaks down when it 
is hot. 


And, prac 


The other trouble is mainly due to a combination of peculiar 
operating conditions and bad servicing, but it has been quite 
a serious one nevertheless. This trouble is caused by an ex 
cess of lead deposit on the plug insulator, and it has been con- 
fined mainly to military aircraft with highly boosted engines. 
Often, a squadron keeps the engines of its machines idling for 
long periods after warming up, and while awaiting orders to 
take-off. By doing this a number of times, a high rate of 


deposit build-up occurs on the plug insulators and, when tak 
ing off, the deposit naturally warms up, causing the insula 
tion ot one or more plugs to break down at this critical mo 
ment. With these highly boosted engines, if a plug fails in 
this manner, it generally causes a fire-back into the high 
pressure distribution system and “explodes” the whole charge 
right back to the carburetor, stopping the engine completely 
This may be due to a feeble spark causing poor initial in 
flammation of the charge, resulting in a slow burning or 
“weak-mixture” effect. Or it may be due to the particular 
cylinder cutting-out completely and allowing the exhaust 
gases, through that cylinder, to communicate with the fuel /air 
mixture in the induction system. The forward speed of the 
machine then drops rapidly and the propeller probably does 
not windmill sufficiently fast to obtain another start. Even so, 
there is little time for the pilot to do much more than plant 
the machine on the ground again, quickly. There have been 
some serious accidents with high-speed machines when this 
trouble has occurred. Actually, since the suspected cause has 
become known, no repetition of the trouble is anticipated. The 
sinterkorund plug, however, should not be subject to this 
failure because lead deposits do not attach themselves easily to 
this type of insulator. In addition, because of its superior 
heat conductivity relative to mica, the sinterkorund insulator 
can be designed to run somewhat hotter than the mica type 
without overheating, and it will keep cleaner under light-load 
conditions. 

In the case of the mica plug and this particular failure, sus 
pected plugs often have been removed, tested for sparking 
under pressure, and found to be in order. After replacing 
them in the engine without dismantling or cleaning them, 
another failure has occurred. The reason for this failure has 
been mentioned previously, and it is due to the fact that lead 
deposits have a relatively high electrical resistance when cold, 
which breaks down when they become hot. Therefore, sus 
pected plugs should always be dismantled and cleaned, onc« 
they are removed, before testing for sparking under pressure 
Proper tools and fixtures should be supplied by the plug man 
ufacturers to dismantle and adjust their plugs. The insulators 
of mica plugs should have all lead deposits removed with 
cloths of diminishing abrasiveness as the last part of the de 
posit is removed. Finally, the insulators should be buffed up 
and given a high degree of polish. 


Firing-Back Dangers Overcome 


The dangers of firing back into the distribution pipe, par 
ticularly in the case of highly boosted engines, whether due 
to the cause just described or for any other reason, are appar 
ent and serious. But these dangers have now been overcome 
recently by fitting flame traps, or dampers, immediate to the 
cylinder inlet ports, in the induction systems of the engines 
concerned. And no further trouble of this nature is antici 
pated, from whatever the previous cause. 

With the exception of one or two of the older engine types 
which still retain the 18-mm spark plug, all others now fit 
the 14mm type. The latter is, certainly, a nice size to deal 
with from the engine-designer’s point of view, but it does 
not, perhaps, always allow so much scope from plug-maker’s 
angle, although it has now come to stay. 

The importance of gas-tightness of the plug cannot be 
overstressed, whatever the type of plug. And it is particularly 
important that no gas leakage occurs in the case of the radio 
screened or shielded plug. The British Air Ministry allows 
a maximum gas leakage, before use, of 1 cc per min at a 
pressure of roo lb per sq in., when the plug is cold. 

There was an impression, in England particularly, that 


American spark plugs were superior to British ones. I, also. 


had the same impression until recently, because all the Amer 
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Fig. 8-—Sectioned 75-deg shielded cable elbow complete Fig. 9—Spark plug fitted with a 90-deg elbow incorporating 
with resistor a resistor 

Fig. 10—Type of electrical discharge (one spark) obtained Fig. 11 -—The earth wires of the two upper plugs without re- 
with, 4, plain rubber insulated cable; B, shielded cable with sistors had to be pushed practically flat to preserve the cor- 
1000-ohm resistor; C, shielded cable without resistor; and rect adjustment, whereas the two lower plugs with resistors 

D, shielded cable with 10,000-ohm resistor did not require adjustment over the same period of operation 
Fig. 12—On the left is a 14-mm sinterkorund type of stand- Fig. 13-—The two plugs shown were taken from a high-duty 
ard (14-mm) reach plug and, on the right, a long (18-mm) engine (Rolls-Royce "Merlin") at the completion of a II1-hr 


reach |4-mm plug of greater heat capacity type test, without being touched 
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ican plugs that I have seen, taken from American engines in 
airline service, were in much better condition than our own 
plugs taken from British engines. Since then, we have had 
the opportunity of testing British plugs in American engines, 
and I have also seen American plugs tested in British engines. 
The results of these tests show that the British plugs compare 
favorably with the American types and the American plugs, 
tried in our engines, did not look so good as they did when 
used in American motors. 

This result confirms something that I have always sus- 
pected, namely, that we have not always been careful enough, 
in the past, to place and cool our plugs properly when the 
engine is designed or is in the development stage. Too often 
is the plug regarded as a necessary evil and put anywhere to 
get it out of the way, regardless of its position in the combus 
tion chamber or whether it can be removed easily or cooled 
adequately. The American engine manufacturers, however, 
had to do something about cooling their plugs when the 
NACA cowling and pressure cooling were introduced. 

A further development of importance in connection with 
point erosion and gap widening is the use of a resistor (series 
resistance) incorporated in the shielded cable elbow attached 
to the plug. It has been found by Ramsay, its inventor, that 
a 1000-ohm resistor more than halves the rate of point erosion. 
And this device, together with multi-earth wires of the thin 
(q.020-in.) type, has been responsible for plug operation up to 
200 hr, at relatively high duty, without attention being neces- 
sary. The resistor has, according to Ramsay, a secondary 
advantage due to its relatively poor heat conductivity. This 
feature helps in preventing the heat from the plug affecting 
the cable end. 

In Fig. 8 is reproduced a photograph of a sectioned 75-deg 
shielded cable elbow, complete with resistor, and Fig. 9 es 
a plug fitted with a go-deg elbow, incorporating a resistor. 

The photographs in Fig. 10 show the type of electrical dis- 
charge (one spark) obtained with unshielded and shielded 
cable and with, and without, resistors. From left to right, 
with plain rubber insulated cable; B, 8 ft 6 in. shielded cable 
with rooo-ohm resistor; C, 8 ft 6 in. 
resistor; and D 8 ft 6 in. shielded 
resistor. 

Fig. 11 is a photograph of four spark plugs taken from a 
high-duty engine test unit, of two cylinders, after 100 hr of 
operation. The plugs shown in the upper part of the photo 
graph had no resistors fitted, whilst those underneath had. 
Although the photograph is not very clear, it will be noted 
that the earth wires of the upper plugs (without resistors) 
have had to be pushed practically flat to preserve the correct 
adjustment, whereas the other plugs did not require any ad- 
justment over the same period. It also will be noted that 
these plugs had the normal “heavy” earth wires and are of 
an earlier type. 


shielded cable without 


cable with 10,000-ohm 


In Fig. 12 are shown two plugs, a sectioned 14-mm sinter. 
korund type of standard (14-mm) reach on the left, and a 
partly sectioned long (18-mm) reach 14-mm plug of greater 
heat capacity. 

The two plugs shown in Fig. 13 have been photographed 
exactly as they were taken from a high-duty engine (Rolls 
Royce “Merlin”) after completing a type test, with a total 
running time of 111 hr, without being touched, on 87-octane 
fuel containing 4 cc of lead per Imperial gal (3.3 cc of lead 
per U. S. gal). The one on the left is from a “inlet” side 
of the engine, and that on the right from the “exhaust” side. 
I never think that untouched photographs are very compli- 
mentary to engine parts, but all the plugs taken from this 
engine, after test, were in excellent condition. 

Finally, before leaving the subject of spark plugs, a word 


about the center electrode material which, in the case of the 


plugs illustrated, is W.5., a high-nickel alloy composed 
approximately 96% nickel and 4% silicon. 

Tungsten appears to be the best material to counter gap 
widening and shows very much less erosion in a given time 
than practically all the other materials generally used. The 
principal criticism is that tungsten has a much higher sparking 
voltage than the other materials, such as nickel steel, mango 
nickel, nickel-silicon, pure nickel, and so on. But, since high 
voltage must be available for the modern high-duty fully 
supercharged (high-altitude) engine, it would seem that, after 
running for some hours, the tungsten electrode may not have 
eroded to the extent of the other electrode materials and, 
theretore, the voltage required for it will not be much greater, 
it as great, as that required for the wider gaps 1 in the othe: 
cases. The nickel-silicon alloy just mentioned is, however, 
quite satisfactory. Molybdenum, which has ak twice th 
resistance to erosion as has nickel, is unusual since it shows 
a much higher degree of hot corrosion attack by leaded fuel 
than any of the other materials. 

Timed or Direct Fuel Injection — Mention of direct gasoline 
injection already has been made earlier in the paper, but a 
few points occur to me and I would like to say something 
further regarding this development. 


Germans Adopt Direct Injection 


Apart from the work carried out on gasoline injection by 
the U. S. Army Air Corps some years ago, nothing further ol 
importance in this direction appears to have been done unt! 
the German aviation engine firms got busy a year or so ago, 
and now have injection systems in quantity production fo1 
all their high-duty engines. Little information, however, is 
available on the German development, except that all th 
injection systems appear to spray direct into the engine cylin 
ders, both in the case of the liquid- and air-cooled types. 

There are statements (unofficial) to the effect that direct 
injection has improved the fuel consumption of some German 
engines by 10 to 15%. This condition may be so in the case 
of the liquid-cooled types, which previously had_pressur¢ 
carburetors (the carburetor between the blower and the en 
gine) since, with the carburetor in this position, it appears to 
be more difficult to obtain good fuel consumption, than when 
it is fitted on the suction side of the blower. Although ther: 
is, as yet, little evidence or experience of the pressure carbure 
tor to confirm that this condition is necessarily so in every 
case, I think, however, that the 


pressure type must present 
greater difficulty in obtaining 


satisfactory fuel distribution 
because it is placed closer to the cylinders, with a shorter 
length of induction piping intervening. Thus, there is less 
time or opportunity for obtaining a homogeneous mixture 
before the charge reaches the cylinders. And the carburetion 
is also likely to be affected by pulsations from the individual 
cylinders. Lastly, because the fuel is not taken through the 
blower, the efficiency of the latter will be (ad\ ersely) affected. 
In the case of air-cooled engines, with suction carburetors, the 
improvement in fuel consumption due to the injection system 
will probably be in the order of 2 or 3, perhaps 5% at cruising 
condition. 

I consider that timed injection to the individual cylinders, 
either spraying direct into the combustion chamber or, in the 
case of very small cylinders (where it is difficult to find room 
for the injector in the head), into the inlet port immediately 
behind the valve, is worth a serious trial, particularly in the 
case of large multicylinder supercharged engines in which 


distribution difficulties are likely to be encountered. The prin 


cipal difficulties which will be encountered with the timed 
injection system will concern the control of the fuel and air 
in order to obtain the correct mixture strengths required for 


Also, a 


take-off, cruising, and changing altitude conditions. 
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considerable amount of experimentation will be necessary in 
order to determine the correct placing of the injector in the 
cylinder head. The fuel should not spray onto the cylinder 
walls; otherwise excessive oil dilution and piston scuffing may 
occur. It has been found, in. some cases, beneficial to inject 
trom about the center of the cylinder head towards the piston 
crown, with a somewhat narrow spray angle. The 
crown helps to vaporize the fuel, and the latter assists in 


giving some measure of direct cooling to the piston. 


warm 


The potential danger of a distribution system full of in 
flammable mixture at relatively high pressure is eliminated. 
The question of intercooling also is simplified, since air only 
can be dealt with more easily and safely. It is true, of course, 
that taking the gasoline through the supercharger is respon 
sible for a drop in charge temperature of, roughly, 25-30 C 
and the blower efhiciency is improved for this reason. But, 
in the case of highly boosted engines, particularly those types 
which for military purposes will operate at low altitudes, 
will probably be necessary to cool the air from the super 
charger to the engine in any case. The supercharger, when 
dealing with air only, must be larger in consequence. 

One 


the consumption 


important feature of direct gasoline injection is that 


“loop” (specific fuel consumption versus 
, both in the case of single-cylinder units and full-scale 
engines, generally can be carried well round the bend in the 


weak-mixture range 


bmep ) 


further than is usually possible with the 
carburetor system. 


and fuels having 
relatively low volatility might be possib yle with direct injection. 
I: certainly would be 


The use of high-octane blending 


age nts 
advantageous in the case of fuels sub 
prolonged storage and also for high-altitude flying, 
tending to reduce loss and avoid vapor lock in the fuel system. 


jected 


Starting is made easier because one has, literally, 


a priming 
device to each cylinder, 


and warming up is necessary only on 
account of the lubricating oil and, perhaps, the cooling sys 
tem; the latter, in order to avoid too rapid thermal changes. 
ihe response of tl is Immediate in all 
those engines I have seen which have direct injection. 


1e engine to the throttle 


Risk of Damage Reduced 


The risk of damaging the engine when operating at weak 
mixtures is reduced with the injection system due to better 
distribution, and the fuel consumption should, for the same 
reason, be improved by, say 5%, at cruising powers. A fur 
ther advantage from the military viewpoint concerns the en 
gine behavior when “idling,” in the case of “silent-approach” 
- where bombers will reach a high altitude during their 
flight and then, when approaching their objective, will glide 
for some distance without engine until they are over their 
target. There will be no overloading of the distribution sys 
tem with “wet” fuel, nor should the engines fail to pick up 
immediately upon opening the throttle again. 

A high degree of valve overlap has been tound beneficial 
from the point of view of complete scavenging, cooling the 
exhaust valve, and power increase where timed injection is 
concerned. But this condition mainly applies to work done 
on single-cylinder units, and a large overlap might appear to 
be impracticable for the full-scale engine on account of start 
ing difficulty and losing a high proportion of the air. How- 
ever, this is a point for further investigation, and large valve 
overlaps used in conjunction with the exhaust turboblower 
might offer considerable advantages. According to Ellor and 
Owner‘, a property of turboblower installations is, apparently, 
that the back pressure on the engine tends to follow variations 
i: boost and to be independent of the altitude. 


tactics 


‘ Royal Aeronautical Society Lecture, March, 16, 1939 
the Relative Merits of Petrol Injection and Carburetters for 
by J. E. Ellor and F. M. Owner. 


“A Review of 
Aero Engines,” 


AVIATION FUELS AND ENGINES 401 


Future Engine Development ~— The further development of 
the high- duty aviation engine will depend upon the future 
requirements of aviation and, unfortunately, it seems that 
these requirements will be governed mainly by military needs 
for the next five or ten years. Admittedly this has practically 
always been the case in most countries, but there is always a 
hope that, one day, the development of engines intended 
purely for civil aviation will be possible. It is unfortunate 
that civil aviation cannot “fly by itself” and, although large 
subsidies are provided for it in nearly every country, the num- 
ber of engines absorbed by the airlines compared with those 
supplied for military requirements is so small that few firms 
in Europe have had the courage, or incentive, to develop a 
motor entirely for civil aviation. 
firms. have 
fact that world rearmament will not go on 
forever at its present rate, and it will be difficult to keep plants 
going when things slacken up. Therefore, 
the works including a drawing office 


are welcome however, that some 


awakened to the 


There signs, 


a small section of 
has been set apart for 
the development of engines particularly designed to meet the 
requirements of civil aviation. 


Since will be 


this section of the paper 
the development of engines for such 


most large engines of the immediate future 
developed to meet military 
will discuss, 


needs, 
mainly, 
purposes. 

It would appear that engines of 2000 bhp up to, say, 5000 
bhp will be required and developed during the next few years. 
What form will they take? I think the 
liquid-cooled engine will be used more generally than it has 
been in recent years tor powers in excess of 2000 and 2500 
bhp. This prediction applies equally to military and civil 
And the air-cooled engine probably will have to 
give up its place in general popularity 
type. 


In the first place, 


aviation. 


to the liquid-cooled 


This statement does not mean that any particular limit is 
since multi 
cylinder in-line engines probably will be employed for these 


foreseen in regard to air-cooling, as such. But, 


powers, and still higher specific power outputs will be “the 
order of the day,” liquid cooling appears to offer more scope 
in dealing with the increased heat flow which will be encoun 
tered, and in maintaining a compact design to blend in better 
with that of the aircraft structure. Compactness and rigidity 
are easier to obtain with the liquid-cooled engine because the 
cylinders are pitched closer to each other and block cylinder 
construction can be employed. 

The problem of developing the large engine will be to de 
cide upon the size of the individual cylinder and the number 
and arrangement of the cylinders. There probably will be 
three main engine types, mostly liquid-cooled; the X engine 
with four banks of six cylinders each arranged at go deg or 
paired at 60 deg to each other; the H engine, arranged verti 
cally or on its side as a flat engine, with four banks of six 
cylinders each and two crankshafts; and the multibank radial 
engine with in-line cylinder arrangement. 

For smaller engines than the foregoing, but where ex- 
tremely high performance and compactness are required for 
fast fighters, the present 60-deg V-type 12-cyl engine, upright 
or inverted, probably will be retained, or a flat engine with 
two banks of 6 or 8 cyl each, opposed, will be produced. 

In the case of the V-type engine, I am not sure that there 
is any particular advantage to be gained by inverting it (which 
is the practice in Germany), at least not for single-engine 
aircraft since, by doing so, unless one resorts to an epicyclic- 
type reduction gear, the propeller will have less ground clear- 
ance, or the undercarriage must have longer legs. The pilot’s 
view will be little better if as good and, although the exhaust 
stacks will be out of his way, they will, in their new position, 
most probably be in line with the leading edge, which is also 
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unsatisfactory. Neither would the inverted engine seem par- 
ticularly advantageous tor the twin or multiengine low-wing 
monoplane or where a tricycle landing gear is used, on the 
score of propeller clearance. The normal V and the flat engine 
appear to score in most of these respects. 

Designing and building an engine to be installed com- 
pletely within the wing still appears to be as remote a possi- 
bility as it was some years ago when many prophesied that 
future engines would be buried in the wings of the larger 
multiengine machines. Unfortunately, wing thickness is not 
increasing to the extent at first expected, since the higher 
speeds of recent years, and still higher to come, apparently 
demand as thin a wing as possible and, of course, larger 
engine powers, making the installation of an engine within 
the wing a difficult problem to tackle. 


Steel Crankcase Desirable 

In these very large engines, the use of steel for the crank 
case, stamped in sections and either welded or bolted up, 
might be preferred to aluminum alloy. The weight of the 
finished case should not necessarily be greater than one of 
aluminum. In addition, due to the lighter scantlings of the 
steel case in comparison, with one of aluminum, there will be 
more chance of controlling the lubricating oil and it will not 
be spread about so badly by the moving parts, which is often 
so with an aluminum case, as the use of the latter reduces the 
free space. 

In regard to the H engine, I do not think that this cylinder 
and crankshaft arrangement has any attraction for engines of 
less than, say 1500 or 2000 bhp. But it has its points for really 
large engines. It would seem impracticable at present to use 
a built-up crankshaft for the multibank in-line engine on 
account of space and weight considerations. Therefore, a 
master rod with a split big-end must be considered. In this 
connection, the H engine, with two crankshafts and only two 
rods per crankpin, offers some advantages in comparison with 
a master-rod having three, or more, link rods, as in the case 
of the X- and radial in-line arrangements. 

So much for the number and arrangement of cylinders; now 
for the optimum cylinder size and form. If one considers the 
successful operation of air-cooled cylinders of about 6 in. in 
diameter, and even a fraction larger, and also, the 6-in. liquid- 
cooled cylinder used for the Rolls-Royce “Buzzard” engine of 
some years ago, which latter engine was developed into the 
successful “R” or racing model, the conclusion is reached that 
the 6-in. cylinder is a very useful size upon which to stand- 
ardize (if one dare mention the word “standardize” in con- 
nection with aviation engines) for large engines of the future. 
Actually, of course, the cylinder sizes used by the various 
firms have remained standard for a long period, even if the 
rest of the engine and the cylinder arrangement have been 
altered. There is everything to recommend the adoption of a 
standard cylinder bore. 

If I were faced with the problem of designing and develop- 
ing a really large engine, I would have some difficulty in 
deciding whether to use the single-sleeve or the poppet valve, 
for the reasons previously stated. Bearing those particular 
points in mind and also the fact that the sleeve-valve itself 
demands, at present, protracted and costly development, it 
then depends upon the time (and, perhaps, money) factor as 
to whether a chance should be taken on the sleeve, or not. If 
speedy development were absolutely necessary then, I think, 
one might retain the poppet valve for the in-line type engine, 
at present. 

Very careful attention to valve, cylinder, and piston cooling 
should allow a compression within half a ratio of that possibile 
with a sleeve-valve, with a fuel of a given octane number and, 
as mentioned previously, the limitation which usually pre- 


vents a higher compression ratio from being used in aviation 
engines is the steep rise in peak combustion pressures resulting 
from such increase. It is doubtful whether the rotary and 
conical type valves, such as the Cross and the Aspin, will be 
used for the high-duty aviation engine, but the latter might be 
applied to the lower-duty types. 

Having decided upon the cylinder bore to be used, the 
general design of the engine and its dimensions can now be 
settled. In order to make a compact design, a bore/stroke 
ratio ot 1:1 or one of 1:1.1 (the latter dimensions are those of 
the Rolls-Royce “R” engine), is recommended, giving a cyl- 
inder of 6 x 6 in., or 6 x 6.6 in. bore and stroke. The flat 
cylinder head is the most suitable type for compactness, and 
the bore/stroke ratios mentioned, particularly the former, are 
very satisfactory for this type of head, in order to provide 
adequate valving. Either three or four valves may be used. 
Although I prefer the three-valve arrangement (two inlets and 
one exhaust) for cylinders of about 5 to 5'4 in. bore because 
the exhaust valve has a better chance of being cooled properly 
and the valve-operating mechanism is somewhat simplified, 
the larger cylinder (6 in.) naturally demands a bigger valve 
which may cause operational difficulties at speeds around 3000 
rpm. Therefore, it may be desirable to use four valves in this 
case, although the former arrangement is worth trying in the 
early development stage and, in any case, the exhaust port 
area always may be somewhat smaller than the total inlet- port 
area, permitting a smaller exhaust valve. 

In order to obtain good airflow (breathing) for the cylinder, 
do not, with the multivalve arrangement, use siamesed or 
common inlet ports, and this statement applies also to the 
exhaust valves where two are to be used. Make each valve 
port separate, to connect to the induction or the exhaust pipe. 
In the case of inlet valves, siamesed ports generally make for 
poorer charging efficiency and, with a common exhaust port, 
the exhaust valves can feed back heat to each other. The 
jacketed portion of the exhaust porting should be kept as 
short or brief as possible in order to avoid putting any more 
heat than is necessary into the cooling system. The exhaust 
stacks should be directly cooled by the airstream and face 
rearwards, so that they discharge with, and not at an angle to, 
the airstream. 

A big question with the liquid-cooled engine is whether to 
use a wet or dry cylinder barrel. This choice will depend 
upon the type of cylinder-block construction employed. If a 
modern version of the older type cylinder with a welded-on 
head and valve port arrangement and welded sheet jacket is 
contemplated, then the answer is obvious. But if the alumi 
num block and steel liner is used, a decision is more difficult 
to make. All in all, I think I might choose the dry liner in 
order to reduce to a minimum the risk of plumbing troubles. 
In practice, this type of construction does not seem to suffer 
from the defects which might be expected in view of the rela 
tive remoteness of the coolant and the degree of thermal con 
tact obtained between the liner and the aluminum outer barrel 
surrounding, or enclosing it. 

The size and type of engine will be governed by the class of 
aircraft for which it is to be used. Long-range heavy bombers 
in a few years will be fitted with two engines of the X or the 
H type having 24 cyl each, giving powers up to, say 5000 
bhp per engine, at about 18,000 ft. This arrangement will 
mean an engine of about 73.2 | (4465 cu in.) cylinder capac 
ity, 6 x 6.6-in. bore and stroke, running at 3000 rpm with a 
(maximum) bmep of about 295 lb per sq in. This class ot 
engine must have a high take-off power and cruise at a very 
low fuel consumption, in the order of 0.38-0.40 lb per bhp-hr, 


which means that fuel of the “1oo-octane” variety probably 


will be used for both purposes. Direct gasoline injection may 
replace the carburetor and a two-speed blower will be fitted 
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for maintaining pertormance at low altitudes, particularly in 
the case of the low approach to the objective, to avoid anu 
aircraft measures. I do not think that the four-engine bomber 
will be so popular as the optimum speed and range (tor load 
carrying) appear to be met more satisfactorily by the twin 
engine machine. 

To escort such bombers into enemy territory and to draw 
the fire of single-seat fighters there, or to meet enemy bombers 
well before they reach their objective, it will be necessary to 
have fast long-range twin-engine multigun, or cannon fighters. 
For these, the 60-deg V or inverted V, or the “flat” engine 
having 12 cyl of about 33 to 36.61 (2013 to 2232 cu in.) total 
capacity will be required. These engines each will produc« 
1500-1600 bhp or more at 18,000 ft, at 3000 rpm, and also will 


} 


have high take-off power and low tuel consumption. Again, 


the two-speed blower will be necessary. 

The single-seat, single-engine short-range fighter always w ill 
be used, and it is pro-rata or, power tor power, faster than the 
twin-engine fighter. Similar engine types to those suggested 
for the twin-engine job will be used, but these types will give 
a higher power output (on 1oo-octane fuel), at the same or at 
greater altitude than the latter engines with less dependence 
upon fuel consumption — about 2500 bhp or 1.20 bhp per 
cu in. Such engines, whether the 60-deg V or the “flat” type, 
3200 
rpm, with a maximum bmep of approximately 300 lb per 


will have a bore and stroke of 6 x 6 in. and operate at 


sq in. The two-speed blower will be necessary for full-throttl 
performance at low altitude in order to deal with bombers 
employing “low-approach” tactics. 

The two-speed blower is a necessity for present-day military 
engines and those of the immediate future, but it has its lim 
itations and there also must be an appreciable compromise in 
regard to its efficiency, since it has to operate at either of two 
different gear ratios, or speeds. It has, however, one merit 
which, I believe, was unsuspected when this type of blower 
was first employed, and that concerns its operation at the alti 
tude, or altitudes, normally embraced by it when in the high 
speed gear position. For cruising purposes, and at any altitude 
at which the high-speed gear normally would be used, the 
low-speed gear can be engaged instead, and this operation 
enables a large throttle opening to be used, up to full throttle, 
above the critical “low-speed” altitude, thus improving the 
overall operating efhciency and tending further to reduce the 
fuel consumption al cruising pow ct. 

The main object of the two-speed blower is to allow the 
aircratt to operate at the lower altitudes, near the ground, at 
a large percentage of throttle opening without detonation 
troubles. This operation is possible because of the lower pres 
sures and temperatures obtaining when the blower gear is in 
low-speed position. | am of the opinion, however, that this 
blower is an intermediate step between the single-speed and 
multistage types. The development of a satisfactory variable-, 
and controllable-speed mechanism for the blower drive would 
he very desirable. 

The exhaust turboblower probably will be employed widely 
tor engines of the future. Apart from its obvious advantages 
at the greater altitudes, this type of blower does not absorb 
such a large proportion of the available engine power and 
accounts for less of the engine mep than do the mechanically 
driven types. This feature is particularly valuable and should 
reflect favorably on the specific fuel consumption. There is, in 
America, more practical experience with this type of blower 
than in any other country and, therefore, I do not feel quali 
tied to say more regarding its possibilities, except to pose the 
following question: Will it be necessary, with a turboblower, 
to have also a mechanically driven one in order to deal with 
rapid engine accelerations and to give immediate response, in 
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boost, at take-off or tor other engine conditions demanding a 
certain measure of flexibility? 

| have purposely discussed the very high-powered engine 
because I feel that it will be needed and developed well within 
the next ten years. And, since engines of 1500 bhp exist and 
others up to and exceeding 2000 bhp already are in an ad 
vanced state of development, it seems to me that now 1s the 
time to discuss the type and form of the future engine. 


The Diesel or C.1. Engine 

The development of the C.l. (compression-ignition ) heavy 
oil aviation engine has shown but little progress and, with the 
exception of one firm in Germany (Junkers), no really practi 
cal heavy oil engine has yet been produced for the aeroplane. 
Even the Junkers engine cannot be said to be more than a 
very successful experiment at present. A number of machines 
are certainly flying with this engine in Germany, but it suffers 
from the common trouble associated with the C.I. principle 
relatively low take-off power. No really high-performance 
machines (military or civil) are fitted with it. In fact, the 
Junkers frm also produces a high-duty gasoline engine which 
is, | believe, used in large quantities by the German Air Force, 
and is now fitted with direct injection in place of a carburetor. 

The lower ratio of take-off power to cruising power of the 
C.I. engine, compared with the higher ratio of the modern 
gasoline engine, is the principal obstacle to the progress of the 
former. Whereas the gasoline engine consumes all the air 
taken into its cylinders, it has not yet been possible to get the 
C.I. engine to do this. In other words, the C.I. engine is a 
somewhat wasteful air consumer. 

If one reviews the results of all the valuable work which has 
been done during the last ten or fifteen years in investigating 
and improving the combustion characteristics of the C.I. en 
gine, it is interesting to note that an excess-air factor is still 
necessary for good combustion (some 30%e ). It seems, there 
fore, that one cannot expect a very great improvement in the 
combustion characteristics of the C.I. engine, at least for some 
time to come, unless something revolutionary occurs mean 
while. Therefore, the successful development of the C.I. avia 
tion engine will depend mainly upon a supply of cheap air —a 


large amount of air for a low expenditure in power 


which 
involves investigation of the blower question in order to im 
prove its efficiency further. This investigation will be particu- 
larly necessary in the development of the two-stroke engine, 
bearing in mind that the blower must be of sufficient capacity 
to scavenge the engine and restore sea-level power at altitude. 

One interesting point is that concerning maximum combus 
tion pressures. Some work has been done on supercharged 
single-cylinder units which indicates that, at similar mep’s, the 
maximum pressures of the C.I. engine and the gasoline engine 
using roo-octane fuel are about the same. But the rate of 
pressure rise was greater in the case of the gasoline engine. It 
would seem, therefore, that no larger scantlings will be neces- 
sary for the C.I. engine in comparison with those of a gasoline 
engine using 100-octane fuel although the blower, in the for 
mer case, probably will always have to be somewhat larger. 

The principal advantages of the C.I. engine are, first, its 
comparatively “flat” fuel-consumption curve and its ability to 
operate over a wide load range without much change, or dif 
ference, in specific fuel consumption although, to a lesser 
degree, this is also a characteristic of the direct-injection gaso 
line engine and, second, the C.I. engine can be controlled 
for minimum consumption at cruising condition without risk 
of damage and with comparative ease and simplicity. 

The elimination of electrical ign‘tion and radio shielding 
are other advantages. On the question of reduced fire risk 
which is most important for civil aircraft, the elimination of 
this risk alone would not sell the C.I. engine to the airline 
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operator. Some say that fire would still occur even with the 
C.[. engine, but | doubt whether there is the same risk of it in 
the case of a crash. Even if it did occur, there is not the sud 
den and inferno-like blaze which is characteristic of the gaso 
line fire. And there always will be some chance of getting at 
people in the machine before the real blaze starts. 

Some say that the C.I. engine can afford to have a lower 
take-off power because of its lower fuel consumption, which 
might balance the higher consumption of the gasoline engine 
and permit a lighter fuel load to be carried. In practice, this 
statement does not appear to be so. In addition, payload is 
very valuable indeed and one can afford to have a somewhat 
higher fuel consumption if a big payload can be taken off the 
ground. The present difference between the fuel consumption 
of a C.I. engine and that of a modern gasoline engine indi- 
cates that a machine fitted with the former engine would have 
to fly for about 6 hr or more before any advantage could be 
taken of the lower consumption. Therefore, excepting long 
air routes and ocean crossings, there does not seem to be much 
advantage in using the C.I. engine until the ratio of its “take- 
off to cruising power” is improved. And the further develop- 
ment of gasoline engine and its fuel is not exactly remaining 
stationary. 

Conclusion 


Speaking of low fuel consumption before concluding, it 
might be interesting to mention that some time ago tests were 
made on a Napier “Dagger” engine with roo-octane fuel in 
which a specific fuel consumption of 0.38 lb per bhp-hr was 
obtained and repeated. The compression ratio was raised 
from standard (7.5:1) to 8.5:1. In this connection, one of the 
most promising small engines, which I have seen recently, is 
the German “Argus” A.S. 410 model. This is an inverted 
60-deg V type supercharged (suction carburetor) air-cooled 
engine which has 12 cyl of 4.13 x 4.53 in. bore and stroke, 
giving a total swept volume of 12 | (732 cu in.). The com 
pression ratio is 6.4:1. The dry weight is 661 lb. 

The rated power is 320 bhp, at 2820 rpm at 10,000 ft, with 
a maximum power, at the same altitude, of 360 bhp at 3000 


rpm. The maximum power permissible for take-off is 450 bhp 
at 3250 rpm, and the fuel consumption at rated power, on 
87-octane fuel, is only 0.418 lb per bhp-hr. This, and the fuel 
consumption of the Napier “Dagger” engine are, | think, 
remarkably good figures for such small cylinders. Incidentally, 
the blower of the Argus engine, which has an impeller weigh 
ing 570 gm (1.26 lb) is claimed to have an adiabatic efficiency 
ol 73 . 

| desire to record my thanks to the Associated Ethyl Co.., 
Ltd., for permission to present this paper; to the British Air 
Ministry for permission to publish certain of the information 
contained in the paper; and to the technical staff of the Au 
Ministry for their helpful advice. The following persons and 
firms have given me valuable assistance and constructive crit 
icisms: E. L. Bass; Major F. B. Haltord; S. D. Heron; H. C. 
Tett; The Anglo-American Oil Co., Ltd. (Technical Depart 
ment); Armstrong-Siddeley Motors, Ltd.; the Bristol Aero 
plane Co., Ltd.; K. L. G. Sparking Plugs, Ltd.; D. Napier & 
Son, Ltd.; Rolls-Royce, Ltd.; Henry Wiggin & Co., Ltd. 


Appendix | 

Reterring to the two sets of curves reproduced in Figs. 14 
and 15, these were plotted from a whole series of fuel-con 
sumption loops in the manner shown in the sketch in Fig. 16. 
These curves (Figs. 14 and 15) show the variation of mep 
against mixture strength for incipient detonation (audible at 
2 ft). The actual fuel-consumption loops were taken by 
starting at a given boost with the mixture set somewhat on 
the rich side, and taking a loop until detonation commenced. 
A new loop was then started, rich, with increased boost pres 
sure, and the weakening-off process continued until detonation 
re-occurred at the higher mep. Therefore, each point on the 
curves in Figs. 14 and 15 represents the point on a consump 
tion loop at which detonation commences. 

It will be noted that the tests in Fig. 14 were made with a 
compression ratio of 8.5:1 (the standard ratio for this engine 
is 7.5:1), which, in conjunction with the reduced speed ot 
3500 rpm (compared with 4000 or 4200 rpm) represented 
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comparatively severe engine conditions. This was done put 
posely to bring out the detonation characteristics of the two 
tuels as, at the time, it was this aspect which was of greater 
concern than the actual power output obtained from the 
engine. 

Che second series of tests, in Fig. 15, were conducted at the 
standard compression ratio ot the Dagger VIII engine (7.5:1), 
and these tests are more comparable with full-scale conditions 

The following points should be observed in connection with 
these tests: The tuels used were 87 octane (D.T.D. 230) and 
100 octane (ASTM), both contained 4 cc of lead per Im 
perial gal (approximately 3.3 cc per U. S. gal). The actual 
octane number of the latter fuel sample was 97 (ASTM). 
The provisional “1o00-octane” specification issued by the Brit 
ish Air Ministry allows a negative tolerance of 2 octane 


numbers. 


CURVE AS PLOTTED 
NIN FIGS. 54 AND |S 





LOX ISCONTINVED WHERE 
£ DOTTED ON ACCOUNT OF 
DETONATION AT THE WEAKER 

IXTURES 


SPECIFIC FUEL CONSUMPTION. ————~ 











B.M.£.P ———+ 


Fig. 16-—The sketch shows how the curves of Figs. 14 and 15 
were plotted from a whole series of fuel-consumption loops 


Dithculty was experienced in comparing the detonation 
characteristics of these two fuels over a wide range of specific 
consumptions owing to the progressively greater limit in en 
gine output possible with an increase of 1 octane number as 
the 100 mark was approached. 

In the case of the “Dagger” unit, the increase of 10 num 
bers, from 87 to 97, causes such large differences between the 
mep’s at which incipient (audible) detonation occurs under 
similar engine conditions, as to cast some doubt upon the 
reliability of the results. This condition is due, to a certain 
extent, to the detonation being judged aurally, but mainly be 
cause of the change in character of the initial detonation 
experienced at different engine outputs. For example, with 
87-octane fuel incipient detonation may be detected fairly 
easily at the comparatively low mep’s developed, but the inten 
sity of the detonation, if allowed, increased steadily. At the 
higher specific fuel consumptions, which necessitate high 
bmep’s, the g7-octane (bulk supply) fuel considered in the 
present instances, gives no warning of the approach of initial 
detonation, which is of great severity with a very erratic time 
interval. 


Appendix IT” 
Secondary Reference Fuels 
Report by Chemical Standardization Committee (Knock-Rat 


ing of Aviation Fuels Panel) of the Institute of Petroleum 


Although n-heptane and iso-octane are the fundamental 
standards of the octane scale of knock-rating, it is preferable, 
iii order to secure the best possible degree of reproducibility 


‘and correlation between different laboratories and different 


CFR engines, to use secondary reference fuels which have 
been authoritatively calibrated against the primary standard 
hydrocarbons in a large number of CFR engines. 


* Reprinted from the Journal of the 


Institute of Petroleum, February, 
1939 
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Three such standardized secondary reference fuels, known 
as the A, C, and F series, are obtainable®, and their calibra 
tion curves in terms of octane number (Motor Method) arc 
issued with the authority of the CFR Committee. 

For rating leaded fuels above the octane number for C the 
Institute of Petroleum Standardization Committee (Knock 
Rating Panel) recommends the use of Reference Fuel C and 
lead tetraethyl up to 4 ml per Imperial gal in preference to 
C.11 and F.1 blends. This covers the range of about 79 to 93 
octane number. A calibration curve for blends of C.11 and 
lead tetraethyl against the primary reference fuels has been 
prepared by the CFR Exchange Group, and is issued by the 
Standard Oil Development Co. on request when ordering C.11 
fuel. (This curve has not been issued officially by the CFR 
Committee.) 

The Institute of Petroleum, through its Knock-Rating of 
Aviation Fuels Panel, recently has conducted further calibra 
tion tests on these secondary reference fuels on which to base 
recommendations concerning the knock-rating of aviation 
fuels. 

Calibration curves also have been prepared for blends of 
C and F secondary reference fuels containing a constant con 
centration of lead tetraethyl; these curves are suitable for the 
rating of motor and aviation fuels containing lead tetraethyl 
of over 92 octane number. The first stage of this work was 
carried out with 19 CFR engines, and the second stage with 
17 engines. 

The Standardization Committee of the Institute of Petro 


leum authorizes the publication of the following recommenda 
tions resulting from this investigation: 

A. Calibration Curves for Secondary Reterence Fuels A.s5 
C.10 and A.5-C.11 by the Aviation Method (1.P.T.G.39a (T) ). 

The average calibration curves for these two pairs of fuels 
determined by the Aviation Method (1.P.T. G.39a (T)) diffe: 
by less than 0.1 octane number from the Motor Method cali 
bration curves issued by the CFR Committee for these fuels. 
These latter curves may therefore be used without modifica 
tion for knock-rating according to Aviation Method (I.P.T. 
G.39a (T)). 

B. Calibration Curves for Leaded Secondary 
Fuels F.1-C.1o and F.1-C.11 by the CFR 
(1.P.T. G.39 (T)). 

The following calibration curves (Figs. 1 and 2)? are ap 
proved as suitable for use in determining the knock-rating by 
Motor Method of those motor or aviation fuels containing 
lead tetraethyl which fall within the range of the curves. 

Fig. 1 is based on fuel blends prepared from Secondary 
Reference Fuel F.1 plus 4 ml lead tetraethyl per Imperial gal 
and Secondary Reference Fuel C.10 plus 4 ml lead tetra 
ethyl per Imperial gal and covers octane numbers of 93 and 
upwards. 


Reference 


Motor Method 


Fig. 2 is based on fuel blends prepared from Secondary 
Reference Fuel F.1 plus 4 ml lead tetraethyl per Imperial gal 
and Secondary Reference Fuel C.11 plus 4 ml lead tetra 
ethyl per Imperial gal and covers octane numbers of 9 
upwards. 
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Discussion of the Banks Paper 


Disagrees on Effects 
of Fuels and Swirl 


— A. L. Beall 


Wright Aeronautical Corp. 


T is difficult to agree that British engines are able to take greater ad- 

vantage of temperature-sensitive fuels than their American counter- 
parts. Temperature-sensitive fuels are difficult to specify in blends and, 
as the pressure for their use is absent in this Country, no substantial 
attempt has been made to employ them. However, it is believed that at 
equal bmep they are equally acceptable in American as in English 
engines. 

The recent work of D. S. Hersey, reported in the SAE Journal for 
June, 1939, shows the possibilities of benzol, aniline, and methanol in an 
air-cooled American engine. 

This reader also is tempted to disagree with Mr. Banks’ theory on 
temperature-sensitive fuels in two-valve hemispherical cylinder heads. It 
is considered that spark-plug location becomes more critical as the cyl- 
inder bore is increased, and the flame travel from any one plug increased 
in distance, rather than an effect of swirl. The four-valve types con- 
trasted with the two-valve engines are normally operated at lower bmep 
than two-valve American engines of similar vintage. It is believed that 
the temperature-sensitive fuels show less favorable performance at the 
higher bmep at which they are tested. 

The point cited by Mr. Banks, that the cylinder head with ‘swirl’ 
porting required less spark advance than a head for the same engine 
without swirl, seems to favor the former, indicating less tendency to 
stratification. For such a head, it is anticipated that increased spark ad- 
vance at part throttle will represent a greater improvement in economy 
of fuel than for a head requiring greater advance for best power. 

With respect to the limitations on fuel volatility set up by European 
Government prescriptions, it would be of interest to know how much 
fuel supplied has been of a type closely approaching the low limits of 
volatility given as normal. Even today there is only a limited supply of 
aviation fuel of satisfactory octane number, clear, which can be supplied 


with a 90% point approaching 150 C. Is it not probable that, in Europe,’ 


supplies delivered under such specifications, have been fuels with a 90% 
point under 125 C, except from one major and one minor source of 


© These fuels are manufactured by the Standard Oil Co. of N. J.. and 
may be ordered from the Standard Oil Development Co., Elizabeth, N. J. 

7 Copies of these curves for laboratory use may be obtained on applica 
tion to The Secretary, The Institute of Petroleum, The Adelphi, London, 
W.C.2. 


supply? How many engines in use in Europe will operate satisfactorily o1 
fuels with a 90% point close to 150 C, might be an interesting object of 
investigation. 

With a limited experience in the use of Brightray as a coating for 
valve heads, it has been found equal to if not superior to Stellite and 
much easier to apply. No experience has been secured on it as a seat 
material as yet. The employment of this material for valve forgings will 
be of great interest. 

Mr. Banks is to be congratulated on the space he has devoted in hi 
paper to the discussion of ceramic spark plugs. This Country has been 
most dilatory in recognizing the limitations of the mica spark plug and 
in preparing to replace it. It seems quite evident that the pressure and 
temperatures now present in the combustion chamber exceed the saf 
limit for any laminated insulator and that deterioration of mica stack 
insulators is rapid. It is to be hoped that Mr. Banks’ description of ac- 
complishment in England will stimulate development here. 

It is also apparently worthy of note that a successful shielded elbow 
employing bakelite as an insulator is in use abroad. Our own experienc 
with bakelite in this service has not been happy, resulting in excessive 
breakage of the bakelite insulator shortly after the engine is warmed up. 


Author Amplifies 
Contentions 
-F. R. Banks 


{ssociated Ethyl Co., Ltd. 


] AM still of the opinion that British engines appear to be able to tak 
greater advantage of temperature and pressure-sensitive fuels than 
their American counterparts, and as mentioned in my paper, we ran an 
American-type cylinder under representative British conditions, that is to 
say, we ran it at a lower bmep and higher engine speed (rpm), but it 
behavior was not altered noticeably and it did not seem any less sensitive. 
This result was at first difficult to understand, but I came to the conclu 
sion that, if the swirl theory was correct, then the higher the 
speed, the greater the degree of swirl. 

I agree with Mr. Beall that spark-plug location becomes more critical 
as the cvlinder bore is increased, but it also has been my experience that 
it is still more critical where a high degree of swirl is present. 

The temperature-sensitive fuels which IT made up for the engine men- 
tioned in my paper seem to be quite satisfactory up to a bmep of about 
360 Ib per sq in. I was interested to have Mr. Beall’s remarks on thx 
question of spark advance as referred to the 
“swirl” porting. 


Technical Manager, 


cnain 


cvlinder head with the 





























DC-4 Flight Tests— Their Relation 
to Large Air-Transport Designs 


By Albert C. Reed 


Douglas 


HAT large airplanes, and the DC-4 in particu- 

lar, pay their way in air-transport service. 
especially for long ranges over 400 miles, is indi- 
cated by the flight-test data reported by the au- 
thor. The 1000 individual tests made on the 
DC-4 during 74 flights occupying 90 hr were made 
for stability, control, operation under extreme 
conditions, and performance. This 65,000-lb 
four-engined landplane with a wing span of 13814, 
ft and an overall length of 97 ft, Mr. Reed ex- 
plains, originally was conceived by agreement be- 
tween the Douglas Co. and five major airlines: 
United Air Lines, Transcontinental & Western 
Air, American Airlines, Eastern Air Lines, and 
Pan American Airways. 


Data are presented that show that landing speed 
of the DC-4 is well below the design limit estab- 
lished by past practice and, therefore, an improve- 
ment in landing safety is indicated; that climb 
performance is better, especially with one engine 
dead; that level speeds are increased especially at 
the higher altitudes; and that take-off is safer. 
The two-engined DC-3 is used as a basis of 
comparison. 


S in the development of many airplanes, the flight-test 
period of the DC-4 was one of great interest in and 
anticipation of the results that would indicate the 

extent to which the airplane met its designed purpose. Dur 
ing the test period more than 1000 individual tests were per 
formed in the air during a total of 74 flights and a total time 
ot go hr. On each one of the test flights over 1 ton of test 
instruments was carried, and crews ranging from 5 to 25 men 
were occupied with making observations and recording data. 
These figures appear large in contrast with those of previous 
smaller designs. However, when one considers that the air 
plane is designed for a gross weight of 65,000 lb with a wing 
span of 138% ft and an overall length of 97 ft, the figures 
seem entirely reasonable. 


_[This paper was presented at the Metropolitan Section Meeting of the 
Society, New York, N. Y., Feb. 16, 1939 
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fircraft Co. Inc. 


Preparation 

When the DC-4 was trundled out of the hangar and on to 
the feld for the first me, it meant the beginning of a sys 
tematic check of the operation of all of the various units 
including the primary and auxiliary powerplants; the pro 
pellers; the hydraulic system which provides the power for 
raising and lowering the gears and flaps, for opening and 
closing the engine cooling flaps, and for multiplying the 
strength of the pilot in the operation of flight controls and 
wheel brakes; the complete 800-cycle, 110-v electrical system; 
and all of the special test equipment. 

This work required ground crews ranging from 20 during 
the day to 1o at night. After perfection was reached in the 
operation of all of the parts of the airplane, preparation was 
made for the initial taxi tests. These tests were for the put 
pose of checking the operation of the gear, brakes, and ele 
vators. The brakes were run in carefully at low speeds for 
short periods. Gradually the speed and periods were increased 
to approximate the landing condition. The tricycle gear, 
being a sharp departure from conventional design practice, 
was open to careful scrutiny. Finally a number of runs were 
made across the flying field into the wind to check the ele 
vator control for take-off. The airplane then had reached the 
most critical point in its career. The aerodynamics of its 
balance, stability, and control had been checked carefully on 
an exact scale model during exhaustive wind-tunnel tests; all 
structural parts of the airplane had been subjected to the 
anticipated maximum design loads; the powerplants had com 
pleted a long operation period on the test stand and in test 
airplanes; the propellers, wheels, and brakes, hydraulic pumps, 
and all the other units that went to make up the cemplete 
airplane had completed extensive thoroughgoing tests. Orig- 
inally conceived by agreement between the Douglas Co. and 
five major airlines, United Air Lines, American Airlines, 
Transcontinental & Western Air, Eastern Air Lines, and Pan 
American Airways, it had passed from the minds of the small 
group which was responsible for its conception to the drawing 
board, the laboratory, the hydraulic presses, the drop ham- 
mers, the metal brakes, the milling machines, the lathes, under 
the heat of the blow torches, behind the buzzing clamor of 
the rivet guns, and into the hands of the many men required 
in its final assembly and adjustment to make a complete unit 
ready to support itself and its load of fuel, oil, crew, passen 
gers, and cargo in the air. It passed all of the requirements 
and the scrutiny of the Civil Aeronautics Authority. There 
was nothing open for question. All items had been checked 
carefully and met the criteria that had been well established. 

In spite of these facts those closely connected with the de 


407 











408 


S.A.E. JOURNAL 





Vol. 45, No. 3 


(Transactions) 


velopment of the DC-4 sensed a feeling of anticipation that 
one associates with the consummation of any ideal long 
planned and finally on the verge of realization. 


Flight Tests 

Carl A. Cover, chief test pilot and senior vice president, 
taxied the airplane to the end of the runway, headed into the 
wind, and opened the throttles. The airplane accelerated 
down the runway, the nose rose and, in a moment, the air- 
plane was in the air, climbing away from the field, all parts 
operating perfectly, as if it had been an habitual event. 

After the preliminary flights required to fix the flying char- 
acteristics, the program settled down to a routine completion 
of the tests of all parts. These routine tests were not per- 
formed in sequence, but advantage was taken of the oppor- 
tunity of overlapping and simultaneous testing whenever the 
conditions permitted. For example, the full-power, maximum 
rate of climb check from sea level to service ceiling was used 
not only to obtain performance data of the airplane but also 
used to check the primary powerplant operation and cooling, 
the auxiliary powerplant operation and cooling, the power 
output of the engines at all altitudes as compared with the 
design calculations, and level speeds of the airplane at various 
powers at a series of altitudes during the descent after com 
pletion of the climb. The tests may be divided according to 
the following: stability, control, operation under extreme con 
ditions of load, pressures, vibration, night flight, and perform- 
ance. Certain of these items will be discussed here. 

Included in the stability tests were complete stalls in full 
flight. Obviously an important characteristic of any transport 
airplane is that the pilot be properly forewarned of the stall 
before it develops and that the stall develop gradually and 
symmetrically. To demonstrate this characteristic the DC-4 
was stalled under all power conditions and position combina- 
tions of the wing flaps and landing gear. 


During these tests the entire upper surface of both wings 
was covered with 6-in. pieces of black yarn fastened at one 
end and spotted at 1-ft intervals. Observation of these tufts 
gave a clear visual picture of the progress of the stall over the 
wing. 

In order to check the applicability of all of the units, the 
airplane tests were conducted under the most extreme condi 
tions and loads anticipated. 

The extreme condition tested for the nose wheel was that of 
taxiing, take-off, and landing with a flat tire. Of course, it is 
not anticipated that the airplane ever will be flown normally 
with a flat nose-wheel tire. However, landing with a flat nose 
wheel tire is quite conceivable. For simplicity in the case of 
the test, and also in order to check the operation at the lower 
speeds before reaching the speed of landing, the airplane was 
first taxied, then taken off, and finally landed, with a flat tire. 
The accelerations during landing were increased because of 
the absence of the shock-absorbing capacity of the tire, but 
otherwise the operation was perfectly normal. It was notable 
that there was complete absence of shimmy, the bugaboo ot 
nose and tail wheels. The extreme condition tor the main 
gear of the airplane was that of landing with a high rate of 
descent at the instant of contact. A series of three landings 
was performed with a 500 fpm rate of descent at the time of 
contact. No bouncing resulted because of the shock-absorbing 
characteristics of the gear and of the fact that the center of 
gravity of the airplane is forward of the main wheels, thus 
causing a decrease in angle of attack and hence decrease in 
lift immediately after the landing contact. Accelerations were 
recorded by means of electrical accelerometers and cathode-ray 
oscillograph, and these accelerations were found to agree well 
with the design assumptions. 

A complete record was obtained of the vibration of the 
engines and propellers. The propeller stresses consist of steady 
thrust and centrifugal loads and vibrational torque and reso 
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Fig. |-—Landing speed versus gross weight for a large number of American commercial airplanes and a few foreign 
models -Vs = K (W)1/6 
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Fig. 2— Maximum climb performance of DC-3 and DC-4 
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the propellers. This resistance 


was measured by means of 
small wires leading along the 
blades to slip-rings at the hub 


and thence to a photographic recording oscillograph in the 
cabin. Tests were performed with this equipment for the 
entire range of engine operating conditions. 

The problem of the likelihood of flutter of the wings or tail 
surfaces of an airplane increases with increase in weight or 
increase in speed and size. To prevent the development of 
flutter in the DC-4 all control surfaces were mass-balanced 
completely by elements and the natural frequency of vibration 
of all of the parts making up the wing and control system 
was measured on the ground in order to avoid resonant 
vibrations between various items. The investigation was con 
tinued in the air where the natural frequencies and damping 
characteristics were determined throughout the range of air 
speeds while flying through rough air. A study of the data 
obtained allowed extrapolation to the design diving speed of 
the airplane to determine the safety against flutter at that 
speed before actual test. 

Final factors that determine the suitability of any air-trans 
port design are its performance and economy of operation. 


DC-4 FLIGHT TESTS 
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Complete performance and fuel-consumption tests were con 
ducted during the DC “4 test period. These tests included the 
determination of the air speed for the maximum angles and 
rates of climb on two, three, and four engines, for the level 
speeds throughout the range of operating altitudes and 
powers, for the take-off run and path, for the landing path, 
run, and speed, and for fuel consumption at various powers 
and altitudes. In order to judge the performance of any air 
plane it must be compared with past practice. 


Performance Results 

The following figures compare the performance of the DC-4 
with that of the DC-3 

Fig. 1 is a plot on log-log scale ot landing speed against 
gross weight for a large number of American.commercial air 
planes and includes a few foreign models. It will be seen that 
the landing speed actually increases with the gross weight up 
to a point where past regulations have restricted this increase 
in speed. Also it may be shown that, for geometric similarity, 
the landing crash safety and control is independent of the 
size and gross weight of the airplane if the landing speed is 
allowed to increase proportional to the 1/6 power of the gross 
weight. The solid black line in Fig. 1 indicates the average 
variation according to this law of commercial aircraft designs. 
The heavy dash line is an extension of this natural design 
landing speed limit to airplanes of greater than 30,000 |b gross 


’ 


& 


210 2 
TRUE AIRSPEED M.PH. 


Fig. 3—Level speeds for DC-3 and DC-4 with rated and maximum cruising power show that 
e DC-4 is superior at both high and low altitudes 


weight. The landing speed of the DC-4 under various bal 
ance conditions is spotted in this figure along with that of 
various other commercial designs. As is seen easily the land 
ing speed is well below the design limit established by past 
practice. The landing safety of the DC-4 from this point of 
view, therefore, is a great improvement over previous designs. 

Fig. 2 shows the maximum climb performance. The point 
most noteworthy is the high rate of climb for the DC-4 as 
compared to the DC-3 with one engine dead. This per 
formance on three engines in conjunction with the very small 
probability of failure of a second engine and the margin of 
performance on two engines still available in case this should 
occur, allows continuing a flight on schedule after engine 
failure. This is not permissible on two-engine equipment 
which requires landing at the nearest available airport in the 
event of engine failure. The failure of the second engine 
leaves no performance and waiting for this to occur by ex- 
tending the flight obviously is poor business. 

Fig. 3 shows the level speeds for various powers and alti 
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Fig. 4— Take-off safety of the DC-3 and DC-4 indicates great 
improvement with the DC-4 


tudes. Here again the DC-4 is a step forward. The DC-4 is 
superior not only at the higher altitudes for which it is de- 
signed because of its pressure cabin, but also at the lower alti- 
tudes. Increased cruising speed allows reduction in schedule 
times and reduces the effect of wind. 

Fig. 4 shows the take-off safety performance. Here again 
great improvement is indicated, mainly because of the high 
performance with one engine dead. The take-off is one of 
the most critical periods during any flight. Increased margin 
of safety at this time is of paramount importance. 

Fig. 5 is a plot of the landing path for full flap deflections. 
Because of the steeper glide available and the shorter run pos- 
sible after landing, the DC-4 gives greater safety. 

Fig. 6 shows the path followed in case the pilot makes an 
approach and for some reason has to climb out just before 
landing. Fer this condition the performance with one engine 
dead shows a great improvement. The primary purpose of 
flaps is to increase the safety on landing. If they eliminate 
any margin of climb-out performance after a landing ap- 
proach, they, in effect, defeat their purpose. The availability 
of 75% power after the failure of one engine maintains this 
margin. 


Fig. 7 is a plot of tuel consumption data obtained during 
the tests. The points themselves represent the data. The 
curves are those obtained on the test stand by Pratt & Whitney 
The power data were obtained by means of a torque meter 
on the nose case of one engine. This torque meter was de- 
veloped by Pratt & Whitney and consists essentially of two 
pistons the hydraulic pressure on which balances the torque 
of the propeller shaft on the outer planetary gear. The rate 
of fuel flow was determined by timing an aircraft type Bowser 
totalizer. The excellent agreement between the test stand data 
and the flight data substantiates the accuracy of the torque 
meter and the automatic carburetor mixture The 
two points obtained in the cruising setting at 20,000 ft indi 
cate excessively rich mixtures. This result, of course, is due 
to the fact that the particular carburetor used during the test 
had an upper automatic limit of about 16,000 ft. 


setting. 


of 


Fig. 8 is a chart that indicates the economy of operation 
for trips of various ranges. There can be little question that 
the DC-4, from the point of view of dollars and cents, is a 
very definite improvement for longer ranges. The DC-4 day 
plane operates at lower cost per 200-lb mile than the DC-3 
ranges above 400 miles, whereas the sleeper arrangement 1s 
even better than the DST for all ranges. Thus the DC-4 
extends the present DC-3 and DST economy to a range otf 
about 1200 miles, actually fe allie better economy for — 
between 500 and 1000 miles. The DC-4 may be operated a 
a profit as a dayplane for less than 5¢ per 200-lb mile with 
50% payload factor and, as a sleeper, tor about 5¢. Such 
economy makes it a very attractive equipment type for the 
main traffic routes. 


to 


Relation to Large Designs 


What do all the man-hours, horsepower-hours, and air-miles 
spent in testing mean besides proving the airworthiness of the 
DC-4? The answer to that question includes some interesting 
and useful facts. 

The flight- testing of the DC-4 showed that flight-testing of 
large airplanes is a larger item in proportion to the airplane 
than that for smaller types. The four engines compared with 
two on the present used transports not only double the data 
to be recorded and studied, but increase the number of per 
formance tests. Tests were not only made with all engines 
operating and with one dead, but also with two dead. Thus 

the number of climb tests was 
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Fig. 5— Because of the steeper glide available and the shorter run possible after landing, 
the DC-4 gives greater safety in landing than does the DC-3, as shown by the comparative 
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Fig. 6- Glide and climb-out paths of the DC-3 and DC-4 [DC-4-2180 engine (95 octane 
CFR); DC-3 1830 engine (95 octane CFR)] 
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was essentially as would have been 
expected from the more conven 
tional gear, although slight im 
provement may have indi 
cated on very hard runways. Not only were these advantages 
fully realized, but design requirements of tires and brakes for 
the type of gear were as anticipated. The longitudinal stability 
of the tricycle gear against nose-over allows more severe use of 
the brakes and here results in greater loads on the brakes, 
tures, and wheels. This gear design, therefore, requires more 
attention to brake, wheel, and tire design and, because of the 
greater dependence on brakes, requires more attention to brake 
and brake-system reliability. These items are a small price to 
pay for the many advantages gained. 


been 


Criteria Reconsidered 
The tricycle gear, four engines, and large size of the DC-4 
lead naturally to a reconsideration of landing safety criteria. 
In the past this criterion was a limit on the allowable landing 
speed, 70 mph for gross weights over 30,000 Ib. This criterion 
was based on the more conventional type landing gear which 
requires a definite response rate and finesse from the pilot 


Fig. 7—Specific fuel consumption versus brake horsepower —DC-4 flight test — shows excel- 
lent agreement between test-stand data and the flight data 


to make the gradual landing approach, to maintain a straight 
course after landing, and to stop properly without nose-over. 
The tricycle gear eliminates this requirement of pilot response. 

A review of Fig. 1 shows that, below about gooo lb, the 
landing speed naturally has followed a definite trend. Above 
gooo |b, the landing speed has been restricted by regulation. 
The natural trend agrees exactly with what would be ex 
pected on the basis of an analysis of geometric similarity. This 
analysis shows that the landing speed of similar airplanes 
should vary proportionally to the 1/6 power of the gross 
weight, V = KW'®, where V is in mph, W in lb. The 
natural trend indicates that K 14.5. 

An extension of this analysis of geometric similarity shows 
that similar airplanes will have similar control on landing if 
the landing speed varies with gross weight according to this 
equation. It also shows that identical crash safety on landing 
results if designs follow this rule. This simply means that, 
it the landing speed varies in proportion to the ability of the 
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structure to stop the momentum in case of a landing crash, 
the deceleration will be independent of the size of the air- 
plane. 

Another characteristic important to landing safety is the 
allowable approach speed used in radio orientation. This 
speed at present is limited by the topography and radio range 
characteristics at low altitudes that exist on the American civil 
airways. The pilot must have sufficient space and time to 
orient himself, let down and identify passage over the radio 
range station. The limiting approach speed now seems to 
be 120 mph. Obviously, this speed may be changed easily 
by revision in ground facilities. Whether an airplane is 
satisfactory for radio orientation at 120 mph depends on: 

1. Control about all axes at low speeds. 

. Stability about all axes at low speeds. 
. Warning of the stall. 

. Stalling speed during the approach. 
. Character of the stall. 


Vie Ww WN 


The high margin of performance of the DC-4 with one 
engine dead suggests the use of a small flap deflection during 
the radio approach. This arrangement results in an appre- 
ciable reduction of stalling speed, increase in stability, and 
small increase in drag. The drag increase may be carried 
easily on three engines at 75% power even under adverse 
conditions with the gear down. 

The distance required to stop in landing over an obstacle 
is another factor to be considered in landing safety. The tri- 
cycle gear again appears as a decided improvement, allowing 
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Fig. 8— Operating economy versus range for DC-3 and DC-4 
shows that the DC-4 is more economical in the longer ranges 


a considerable increase in landing speed tor a given landing 
distance. 

The distance to approach on landing and climb out at the 
instant of landing even with one engine dead, is another con 
sideration in landing safety. As illustrated, the use of four 
engines affords a very considerable improvement in such per 
formance. 

All these factors point to changing criteria of landing safety 
for large air transport designs. 

The DC-4 incorporates a flight-control system sharply di 
ferent from past design. The strength of the pilot is multi 
plied by hydraulic power. Justification of such a big step 
forward required very complete flight tests as proof. The re 
sults of such tests on the DC-4 point toward a new trend in 
control-system design, the power control. 


Pressure Distribution Tests 

The pressure distribution tests essential to the design of 
pressure cabins that are appearing in the larger air-transport 
designs yielded important results. The airflow past the fuse 
lage and past the wing roots gives rise to a complex pressure 
distribution over the outside surface of the fuselage. In a 
pressure cabin all shell areas subjected to appreciable outside 
suction would suffer higher membrane stresses than if merely 
subjected to the difference of cabin pressure and atmospheric 
static pressure. such 
suction may influence the design requirements for the pres 
sure-cabin version of the DC-4, outside pressure distribution 
was explored at various strategically located orifice stations 
on the fuselage and windows during some of the trial flights. 
Readings were taken on a mechanical pressure gage connected 
to 56 stations through a bank of selector valves in a variety 
of flight conditions including yaw. 


In order to ascertain to what extent 


The greatest suction ob 
served near windshield stanchions was of the order of 
of water at 200 mph. 


15 in. 
Appreciable suction also was found in 
a region above the wing root fillet. Here the suctions varied 
less than proportional to velocity head, presumably due to 
influences of the angle of attack changing with speed, and 
ol the propeller slipstream. 

The DC-4, according to the present design trend toward 
greater aerodynamic efficiency, has made use of flush rivets 
and butt joints of skin sheets. This construction has resulted 
in a 15% reduction in parasite drag and 5% increase in high 
speed over that which would be realized with brazier-head 
rivets and lap joints. The DC-4 tests then add to the convic 
tion that such structural refinements are well justified. 


Conclusion 


Large air-transport design is the result of a desire for a 
maximum of passenger comfort and efficiency for increasing 
ranges. It is indicated logically and well verified by other 
modes of transportation that the double row of seats on each 
side of a center aisle meets this desire in the most efficient 
manner for trips of length even as great as now used on trans 
continental lines. The cabin that is amply large to satisfy this 
condition then appears to approach the limit of size for air 
transport design for present purposes. The design of a fuse 
lage length for this required width and the: design of a com 
plete airplane about such a fuselage results in an airplane 
of the size of the order of the DC-4. To get power for such 
an airplane requires at least four engines. 
this airplane, then will it pay its way? The economy curves 
comparing the DC-4 to the DC-3 answer “yes, definitely for 
the longer ranges over 300 to 400 miles.” The tests of the 
DC-4 then point toward larger air-transport designs for the 
longer ranges for increased safety, passenger comfort, and 
economy. 


Having designed 





























Bore Wear from the Viewpoint 
of Materials 


By Paul S. Lane 


Research Engineer, American Hammered Piston Ring Division, Koppers Co. 


ISTON-RING irons are not the “best-wearing” 

irons, contends Mr. Lane in his discussion of 
bore wear from the standpoint of the materials 
commonly used for high-speed automotive diesel 
and aircraft-engine cylinders, liners, and rings. 
Measured on a weight-loss basis under direct com- 
parison with other conventional iron structures, 
piston-ring irons normally give relatively high 
weight-loss figures. But piston-ring irons do have 
the significant and desirable faculty of wearing 
away with very little tendency to accumulate wear 
products on their rubbing surface. In fact, this 
ability is probably of equal or greater importance 
than actual low weight loss. In his paper Mr. 
Lane reports the results of several years of labo- 
ratory wear-testing research, correlated in many 
instances with actual service experience, from the 
viewpoints of hardness, structure, and chemical 
composition. 


Variations in the structure and wear of automo- 
tive cylinder castings are illustrated along with 
the tendency of different type cast irons toward 
scuffing and scoring, and the cause or reasoning 
for such tendencies, from the standpoint of the 
nature of the metal structure, is pointed out. Wear 
balance and compatibility, through hardness and 
structural relations, are reviewed, and arbitrary 
wear values are shown for many of the hardened 
steels and other alloys frequently used for cylin- 
der and liner applications. 


T is the purpose of this paper to consider cylinder and 
| ring wear mainly from the standpoint of the materials 
used, rather than from any design or operating angle. 
It has been stated that present-day engine designs are de- 
manding materials with inherent properties which, in some 
cases, the metallurgists have been unable to produce. This 


[This paper was presented at the World Automotive Engineering Con- 
gress of the Society, San Francisco, Calif., June 8, 1939.] 

1 See “A New Method of Investigating Performance of Bearing Metals,’ 
by J. R. Connelly, presented at the ASME Annual Meeting, Iron and 
Steel Division, New York, N. Y., Dec. 4-8, 1933. 


statement is particularly true of various parts subject to wear 
action, though a sizable amount of helpful work has been 
carried on in this field by various American and foreign 
investigators. 

There yet remains, however, and probably rightly so, a 
tendency to eye with suspicion any wear data obtained other 
than from actual service. This condition seriously limits our 
source of wear information, first, because of the long period 
of time required for service data to accumulate, and second, 
because this information is often tainted by various factors 
peculiar to a specific field of operation. 

Laboratory wear data, however, have been found useful in 
studying the mature of wear of different materials and com- 
binations. More often than generally realized, such data 
have formed at least a part basis for choosing a given material 
or alloy for a specific application. Some form of arbitrary 
“yardstick” or “comparator” always seems justified in engi- 
neering endeavor. The usual hardness-testing equipment and 
tensile-testing procedure can be questioned seriously as to their 
true significance; yet their use is warranted since they offer a 
reasonable reference basis or “bench mark.” Wear studies are 
particularly worth while if used to find a basis or “reason 
why” certain structures wear as they do. The error in work 
of this type lies in an ofttimes overenthusiastic attempt to 
apply broadly wear-test results to actual service in the field. 

Thus, at the risk of some skepticism by many readers, we are 
going to illustrate some of the various data accumulated over 
several years through laboratory wear testing. We can say 
truthfully that, largely as a result of this work, we have had 
thoughts and ideas (some good—some bad) which would 
otherwise not have occurred to us and, if nothing else, a few 
“bad theories” in many cases have led at least to better ones. 
Whenever available, service results are included with these test 
data. 


Wear-Testing Apparatus 


Fig. 1 shows one of the wear-testing machines set up in our 
laboratory. This apparatus is of the simple brake-shoe type, 
and is normally run dry. Instead of the usual radiused speci- 
men running under constant unit loading, a flat-faced sample 
is used with a fixed load on the beam, so that unit pressures 
vary over a wide range from start to finish of a run. At the 
beginning, only line contact is had, unit pressure becoming 
less and less as wear takes place. This method is somewhat 
similar to that used by J. R. Connelly’ at Lehigh University, 
except that we take as the measure of wear the weight loss 
occurring in the first hour’s running. 

Walter Jominy of the General Motors Research Laboratories 
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Fig. | — This wear-testing machine is of the simple brake-shoe 
type and is normally run dry 


in Detroit also has utilized a flat specimen in his lubricated 
wear tests, and results of this work have been reported in the 
ASTM Symposium on Wear of Metals.” 

To some our apparatus is an abrasion test rather than a wear 
test, since direct metal-to-metal contact is had under dry run- 
ning. Although this condition may be true, we feel that we 
have been enabled to study the wear action of various metal 
structures through this method. The simplicity and ease of 
maintaining established procedures with apparatus of this type 
is certainly to be desired. 

Throughout the paper, figures shown for wear values rep- 
resent weight loss in milligrams for 1 hr running. No de- 
tailed description of the testing procedure will be given at this 
time, as this information may be had by reference to a previous 
paper.® 

Much of the data here shown are the result of cooperative 
work carried on with various engine builders and operators. 
In most instances, these companies had no wear-testing appa 
ratus of their own, although quite recently several large manu- 
facturers have built and used wear-test equipment as a guide 
for future developments. 


Automotive Engines — Bore Structures 


Two siamesed bores cut from a 6-cyl engine were sec- 
tioned and examined for variation in hardness, structure, and 
wear. Table 1 shows the results of these tests, also given in 
graph form in Fig. 2. It will be noted that, although the 
maximum hardness variation is 5.6 points of Rockwell “B” 
hardness (88 to 93.6"), the wear variation is roughly from 
12 to 27 mg, or better than 2 to 1. Also, it will be seen that 
considerable variation in wear is found in any one section, and 
all sections show the highest hardness and lowest wear near 
the top. In these two bores, the best wearing area is along 
the 90-270 deg line, where, due to the absence of water 
jacketing, section thickness is greatest. Fig. 3 illustrates the 
differences in microstructure between two areas. 

As a result of this preliminary work an entire 6-cyl engine 
block was cast, using three different size cores, two bores of 
each size. This construction means, of course, that three dif 
ferent metal thicknesses were had in the rough casting. This 


block was then bored out to the usual diameter, sectioned, 
2See ASTM Symposium on Wear of Metals, October, 1937; 
Metals from Automotive Viewpoint,” by W. E. Jominy. 
® See Transactions of the American Foundrymen’s Association, Vol. 8, 


“Wear of 


No. 4, August, 1937, pp. 157-194: “‘Some Experiences with Wear Testing,” 
by Paul S. Lane. ' 
8See Traresctions of the American Foundrymen’s Ascorcisttion. Vol. 8, 


December, 1937, np. 449-458: “Ferrite — Its Occurrence and Control in Cast 
Tron.” by R. H. Bancroft and A. H. Dierker. 


Table 1- “Wear” and Hardness Variation — Automotive Cylinders 





“Wear”, mg in 1 hr 


Distance from top, in. 34 134 34 $34 64% 
Section 2, (90-270 deg) 15.4 2.3 16.7 17.9 if. 
Section 3, (180 deg) mes is 26.3 236.8 2.2 
Section 4, (0 deg) 19.4 19.9 20.5 24.9 16.7 
Rockwell Hardness — ‘“‘B”’ Scale 
Section 2, (90-270 deg) 93.6 91.8 91.1 90.0 90.0 
Section 3, (180 deg) 92.6 92.5 89.0 89.2 89.0 
Section 4, (0 deg) 91.8 91.9 89.6 88.0 88.6 


and explored for structure and wear variation. Fig. 4 shows 
at 5X, six sections of the bores, from water jacket side to 
cylinder surface, these having been mounted, polished and 
etched as a single specimen. This low magnification readily 
illustrates the structure variation from bore to bore, as well as 
across the bore section. 


Table 2 gives the chemical analysis, hardness and wear 
values. 
Table 2 
NOS NRRETE py aee ee 1.80% 
Sulphur... . ae? eel Me ats 0.12% 
A eee eee 0.25% 
Manganese... eit h siale ck % 0.75% 
‘T@tGn COPOON.......-.- ars 3.25%, 
Small Medium Large 
Cores Cores Cores 
Heavy Medium Light 
Section Section Section 
LA 2A 3B 1B 5C 6¢ 
Rockwell “B” Hardness 88.5 88.9 86.4 87.5 85.4 89.4 
Wear, Mg Weight Loss 18 20 22 22 46 22 


This block, other than the core variation, was cast under 
normal production conditions. It is seen that the 5C section 
is apparently the “stepchild” of the six, showing low hardness, 
high wear, and a “freak” ferrite-graphite structure. There 
appears no good cause for this single section to solidify in this 
system except critical cooling conditions. Traces of this same 
type structure, mainly superfine graphite and ferrite, also are 
seen along the water jacket side of the other sections, and are 
very likely on the bore side before machining. 

The author has pointed out in a previous paper the poor 
wearing qualities of structures of this type, and it also has 
been suspected of having undesirable scuffing tendencies 
Dierker and Bancroft* have observed its sensitivity to sectior 


1937-Auto Cylinder Block 


 —_————— a 








“Wear Test Specimens 


Rockwell Hardness B” 





Wear - mg. per hour 
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Fig. 2—Wear and hardness variation in two siamesed bores 
cut from a 6-cyl engine 
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effects or cooling rate, and have suggested the name “primary 
ferrite.” Several foreign investigators also have studied struc- 
tures of a similar nature, and recently Crosby, Parke, and 
Herzig® have offered a metallurgical explanation of its mode 
of occurrence. 

Metallurgically, normal ferrite would be expected to be 
found in the heavier section rather than in the thinner faster- 
cooling section. Here, however, we find ferrite predominating 
in the 5C bore section, the lighter “as-cast” section. Section 
6C, however, of similar section appears normal. This phe- 
nomenon illustrates the difficulty of obtaining consistently 
regular structures in so complicated a casting as an engine 
block. Bore 6C is at the end or back of the casting probably 
cooling at a rate different from 5C, and this may be one expla 
nation of the absence of the ferrite-graphite structure in the 
former. 

Another siamesed casting contained this undesirable struc 
ture over practically all of its bore surface; after finishing to 
the usual diameter, the bore immediately adjoining appearing 
normal. Fig. 5 shows such a bore surface at 5X etched, this 
area illustrating a sizable and representative part of the cylin 
der surface. Fig. 6 shows a normal (left), and abnormal struc 
ture from these bores at 100X etched. 

Wear results are given below: 


Table 3 





Wear, mg weight loss 
Normal Bore 
1% in. down 15.7 
3% in. down 14.2 


Abnormal Bore 
28 .O 
34.7 


The engine builder with whom this work was carried on 
was enabled, after considerable experimentation, to improve 
and largely eliminate these differences. This result was ac 
complished mainly through control of cooling conditions in 
the casting. Dynamometer and road tests indicated improved 
uniformity and reduction of wear with the new practice, and 
largely confirmed wear-test findings. 

The foregoing tests were confined mainly to one make ot 
engine. However, further investigation indicates that several 
types of bore structures are found in engines of different 
manufacturers. Figs. 7 and 8 are bore sections at 5X etched, 
from five automotive engines of different manufacturers. 

The importance of suitable structures in bore areas is also 
appreciated by foreign investigators, as illustrated by the fol 
lowing extract from a paper presented at the recent Interna 
tional Foundry Congress in Poland by Dr. A. B. Everest: 


“In most castings which the foundryman is called upon to produce, 
variations in thickness occur, with the result that thin outer parts may b« 
hard and chilled, giving trouble with machinability, whilst heavier sec- 
tions are too soft and open in grain to ensure the quality necessary for 
urduous service. A typical example to be found in the case of the ave 
age automobile cylinder block in which too often the quality of the iron 
used is determined by the requirements of the machine shop for machin 
ability in the thin sections of the water jackets, whilst in service the most 
important factor is the wearing quality of the thin sections of the 
cylinder wall, situated in the center of the casting. The uneven type of 
structure experienced in ca‘tings of this type is even more pronounced 
with the modern high-duty -nalloyed cast irons than with the older type 
of low-strength materials.” 


Engine builders are, in most cases, well aware of the exis- 
tence and importance of some of the points discussed and, in 
several instances as mentioned, improvements have been made 


through changes in design or foundry practice, and also by 
the use of suitable alloys. 


See Metals and Alloys, Vol. 1, No, 9, January, 1938, pp. 9-14: “Notes 
on Graphitization of Gray Cast Iron,” by R. M. Parke, V. A. Crosby, and 
\. J. Herzig. 
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SECTION 2B—NORMAL STRUCTURE- WEAR VALUE, !2.3 MG 





SECTION 3D-ABNORMAL STRUCTURE- WEAR VALUE, 26.8 MG 


Fig. 3 — Differences in structure between two automotive bore 
sections — Unetched 50X (left) - Etched 200X (right) 


In the case of engines with inserted wet or dry liners, the 
bore structure regulation is accomplished more readily, and 
such design also offers opportunity to apply a wider range of 
materials rather than “as-cast” gray-iron structures. This sub- 
ject will be considered later in the paper. 


Piston-Ring Structures 


Piston-ring irons of automotive sizes of necessity are pro- 
duced with quite similar analyses and structures by the various 
leading American manufacturers. By a far and wide margin 
individually sand-cast rings are used, and are, at our present 
state of knowledge, the best for the job at hand. However, 
thi method of manufacture does limit the range of basic 
structures obtainable which will give us machinable castings 
with other suitable physical and wear properties. 

Thus, although each ring producer rightfully feels that his 
ring is superior because of melting equipment or possibly a 
slightly more uniform graphite, or maybe a minor alloy addi- 
tion, the fact remains that small ring materials may, at least 
for our purpose, be treated with reasonable safety as a lot. 
In this generality we do not intend to include any of the spe- 
cially alloyed rings or compositions designed for a specific 
purpose, but rather we refer to those rings or irons which are 
applied broadly and considered as standard. 

Fig. g illustrates typical and average unetched and etched 
structures of small piston rings. The unetched photo at 50 
diameters (left) covers nearly the entire section of the ring, 
and illustrates the uniform graphite present in an extremely 
fine formation. The etched photo is taken at 100 diameters, 
showing the typical mesh or network structure. At higher 
magnifications, certain areas in various rings could be illus- 
trated, to show possibly a better structure than some other 
areas in a companion specimen. Some manufacturers may say 
competitive rings have undesirable free ferrite, but the truth 
of the matter is that all of them on occasion have some free 


ferrite, though it is not common and most ring castings are 
quite free of it. 
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é Fig. 4— Bore sections at 5X mounted, polished, and etched 
as a single specimen, indicate structural variations in the 
engine casting with different size cores and section thicknesses 


\ Fig. 5-Large area of bore surface with abnormal ferrite 
structure — 5X etched 


Fig. 8— Bore sections from three automotive engines of dif- 
ferent manufacture — 5X, etched 


Piston-Ring Wear 
We trust, therefore, that, as a result of the foregoing, we 
cam say without arousing undue ire that piston-ring irons are 
not the “best-wearing” irons. By this statement we mean 
that, measured on a weight-loss basis, under direct comparison 
with other conventional iron structures, piston-ring irons nor- 
mally give relatively high weight-loss figures. 


Fig. 6— Normal (left) and abnormal structure from siamesed 


cylinders — 100X, etched 


Fig. 7—Bore sections from two automotive engines of dif- 
ferent manufacture —7X, etched 


Fig. 9-—Typical structure of small automotive piston rings - 


Unetched, 50X (left); etched !00X (right) 


This condition is understandable when one considers their 
structural make-up, with the continuity of the matrix broken 
by the innumerable graphite flakes of a powder-like nature. 
Piston-ring irons are strong as a result of their structural uni 
formity but, in a strength test, the entire section of the ring or 
test piece is involved. In wear processes, however, a sectioning 
or shearing action takes place on the surface, and here only a 
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relatively thin plane of the structure determines what happens 
with normal loading under frictional action. 

It has been found under dry rubbing tests that irons poured 
in quickly cooled sections and of conventional hardness such 
as in rings, have a structure so intimately interrupted with 
graphite that high weight loss is encountered. A further 
refining, such as by annealing, will give even higher weight 
loss. This point is illustrated by Fig. 10, which shows the 
effect on wear of annealing ring irons at various temperatures, 
for 2-hr periods. Note that the hardness drop is slight com- 
pared to the large increase in indicated wear. 

Incidentally, to digress for a moment, Fig. 10 also indicates 
the temperature to which rings must be subjected before struc- 
tural and wear alterations occur. The question is sometimes 
raised as to whether the body of the ring structure is altered 
at temperatures even considerably above normal operating 
limits. These tests point out that temperatures of at least 800 
to rooo F are required before wear rates are affected. (This 
result does not, take into consideration any lubri- 
cating effects but represents dry running.) 


of course, 
If there is reason 
to believe that temperatures at the immediate surface of the 
rings in operation approach those shown at the break in the 
curve, then this fact in itself may largely account for practi- 
cally all ring wear. 


Piston-Ring Anti-Scuff Qualities 
Piston-ring irons, though “poor wearing” on a weight-loss 
basis, do have the significant and desirable faculty of wearing 
away with very little tendency to accumulate wear products 
on their rubbing surface. This statement merely means that 
they are not normally prone to scuffing action. Instead, their 
very make-up dictates a ready sluffing or powdering action 
under frictional forces, due to their structural composition pre- 
viously described. In fact, the ability of ready release of wear 
products without surface blemishing or mutilation is probably 
of equal or more importance than actual low weight loss. 

Early in our research work with cast irons we found that 
many of the better wearing structures, as measured on a 
weight-loss basis, also possessed distinct scuffing proclivities. 
Attempts to induce lower weight-loss structures in certain ring 
irons often bring on proneness to scuffing. Such observations 
also led us to devote more attention to what was happening 
to the contact faces, from both a wear and surface 
standpoint, and to studying compatibility of 
combinations with overall wear effects. 


action 
various metal 


Types of Gray-lron Structures 

Gray cast-iron structures may be generally grouped under 
two broad classifications: 

Group I — are those structures which give high weight loss 
or “wear,” but without serious mutilation to the rubbing sur- 
faces. Such structures usually give protection or “self sacri- 
fice” against a wide range of mating materials. Group | 
structures appear to have little tendency to load or embed with 
abrasive products of wear. 

Group II —are those structures which, although showing 
lew weight loss or “good wear,” are characterized by surface 
blemishing such as welding or scuffing. This type of cast-iron 
structure often causes high wear of mating surfaces, even 
though these surfaces are of much higher hardness. Group 
II structures have a tendency to “load” with abrasives, and are 
prone to “lap” or abrade their contact material. 

Such actions are particularly intriguing when it is observed 
that the Group II materials are usually, by a wide margin, 
those with lower Brinell hardness. 

Fig. 11 illustrates these two types of cast iron, showing 
etched structure, hardness, and wear values for both speci- 
mens. The iron to the left, Group I, is dense fine grained, 
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Fig. 10-—Effect on wear of annealing piston-ring irons at 
various temperatures for 2-hr periods 


uniform, hard, and strong but, in spite of this condition, it 
wears away rapidly. Group II iron, to the right, is open, 
coarse grained, heterogeneous (microscopically speaking) rela- 
tively soft, and weak. It, of itself, wears slowly, but tends to 
lap or abrade its contacting surface, along with scuffing inclina- 
tions. The difference in the graphite size, which in part con- 


tributes to the above actions, is shown in Fig. 12. Fig. 13 





Fig. 1! —Group | (left) and Group I! Structures — 5X etched 


Group | Group |I 
Specimen Wear 31.0mg 16.8 ma 
Drum Wear (230B H) 47.0 78.5 


Brinell Hardness 223 155 


Wearing Surface Smooth-reqular Scuffed-irreqular 


Fig. 12-—The difference in 
the graphite size of the 
irons of Fig. 11 -is illus- 
trated with Group | on 
the left—50X unetched 
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Fig. 13-Appear- 
ance of worn 
areas of Group | 
(left) and Group 
Il wear-test spec- 
imens — 5X 


Fig. 15-—"Com- 
bination" speci- 
men with top 
half of Group II 
type structure, 
bottom half of 
Group I struc- 
ture. It was run 
as a single spec- 
imen to illustrate 
difference in 
“scuffing ten- 
dencies — 7X 


illustrates the width of the worn areas, and the difference in 
the surface appearance of the two wear-test specimens. Fig. 
14 shows the surface appearance of two piston rings after 
operation in a poorly lubricated compressor, where irons of 
both groups: were applied. 

Fig. 15 is a “combination” wear-test specimen, the top 
half of which is of a Group II type iron, whereas the lower 
half is of a Group I structure. The two halves were riveted 
tightly together, and the specimen was then run so that the 
first line contact at the start of the test occurred at the junc 
tion point. These runs were made as a further check that 
indications from individual runs on each of the two type irons, 
were not being influenced by test procedure differences. This 
specimen, magnified approximately 7X, gives a graphic illus 
tration of the difference in surface action between the two 
iron structures when run under identical dry friction condi- 
tions. The bright areas on the upper half (or Group II iron) 
are “scuffed,” “glazed, “worked” metal, and it appears 
that this action has carried over onto the Group I iron portion 
as seen from its streaked appearance. 

Aircraft-Engine Tests 
The load-carrying capacity of the coarse grained or Group 
II materials is apparently not as good as Group I (due in part 
to their lower hardness), and the former are more ductile or 
plastic under surface stresses such as are encountered in a 





Fig. 14—Cylinder 
contact surface 
of Group | (top) 
and Group Il 
piston rings re- 
moved from ser- 
vice in poorly 
lubricated com- 
pressor 


Fig. 16 — Feath- 
ered edge on a 
Group II aircraft 
piston ring- 
200X, unetched 


rubbing action. Fig. 16 shows the profile appearance of a 
Group II iron piston-ring section in the unetched condition, 
at 200 diameters. This ring was run in the top groove of a 
high bmep airplane engine for 25 hr against chrome-molyb 
denum barrels. Note the feathered edge, indicative of low 
load-carrying capacity, with resultant surface flow. A feathered 
condition such as shown, besides promoting ring-sticking, also 
results in undue scratching and scoring. A Group I iron run 
in this same engine for 45 hr, showed no tendency toward 
this action. 

Table 4 shows laboratory wear data on Group I and Group 
If irons when run against a wide 
hardness. 


range of materials and 

The characteristics mentioned above are self evident from 
a study of the figures in Table 4, and in the light of these 
figures, covering as they do, so wide a spread of materials and 
combinations, the differences seem rather well defined. The 
values shown represent averages from four or more separate 
determinations. 

It also might be mentioned, particularly for those partial to 
the presence of a lubricant in the wear-test work, that our 
lubricated machine has also indicated that similar wear char 
acteristics exist under “boundary” running. 

Piston-ring wear is normally to be preferred rather than 
cylinder abuse. These wear figures excellently illustrate the 
need for considering wear of both surfaces. Also, it should 
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Table 4— Comparative Wear Tests -— Group I and Group IJ Irons** 
: Group I Irons Group II Irons 

Cylinder Brinell Ring Cylinder Total Surfaces Ring Cylinder Total Surfaces 
Group I Iron 230-260 15.8 39.7 85.5 Very Smooth 9.5 92.7 102.2 Smooth 
Group II Iron 160 416.0 13.4 59.4 Smooth 12.6 45.3 57.9 Scored 
H. T. Cast Iron — Alloyed 410 52.4 6.3 58.7 Smooth 14.0 10.5 54.5 Scored 
Annealed Iron* 135 137 2 4080 4217 .2* Scuffed 30.7 5242 5272 .7* Scuffed 
Nitrided Steel 975 95 .5 0.5 96 .0 Smooth 56.0 1.0 57 .0 Scored 
Chrome Molybdenum Steel 320 138 .0 7.0 145.0 Smooth 81.0 i1.0 92.0 Scored — Slight 

Scuffed 

* Run only for 15 min; surface contact could not be maintained. 


tad Cylinders are the revolving drum, 


be noted that these comparisons further point out that Brinell 
hardness gives no direct measure of wear resistance. 


Hardness and Wear Balance 
When 


considering wear of mating materials, we all quite 
naturally 


and rather automatically think in terms of hardness, 
even though we believe that the structure is the main con- 
trolling factor. However, hardness values do offer a more 
simple and readily understood identification and this warrants 
their use, providing we do not lose sight of the fact that the 
structure determines the hardness as well as the wear. 

Wear of two separate irons or alloys of different hardness 
and structure is determined also by the hardness and structure 
of their mating surfaces. A. T. Colwell, Thompson Products, 
Inc., points out in a recent paper® that in their wear tests on 
valve material: “In general, the tests show that a hard valve 
stem wears least, but it wears the guide more, and a hard 
guide wears least, but wears the stem more. A _ hard-stem- 
hard-guide combination seems best of all.” Examination of 
the wear figures in Table 4 shows that this statement is gener- 
ally, though not always true, and just such exceptions as 
shown further complicate wear measurement. Through rec- 
ognition of this phenomenon, an attempt often may be made 
to balance relative wear. Table 5 shows further wear results 
on two irons of different hardness run against two different 
hardness contact surfaces, results being as tabulated: 


Table 5 — Hardness and Wear Balance 


Drums of 260 Brinell 


! Drums of 410 Brinell 
Speci- 


Speci- 

; men Drum Total men Drum _ “Total 
Iron of 210 Brinell 17.5 64.0 81.5 37 .0 8.0 45.0 
[ron of 330 Brinell 9.5 76-2 64.7 29.0 15.5 44.5 

If we assume in Table 5 that the specimen is the piston 


ring, we can see a possible basis for balancing ring and cyl 


inder wear. True enough many other factors, not always 


apparent from wear figures alone, must be considered. 


For 
instance, 


if we elect to use the combination which gives us 
lowest total wear, that is hard rings and liners, we first will 
be faced with the difficulty of obtaining a reasonable seating-in 
time, though this appears less of a problem in view of the use 
of chemical or other scuff-resistant surface treatments. 


Fur 
thermore 


, the hard-ring hard-cylinder combination may some 
times produce an oil control problem. 


Also, as has been re 
ported 


certain instances, such ring-cylinder combinations 
are prone to scoring action under conditions not favorable 
to adequate lubrication. As has been often stated, the hardest 
or better wearing combination, cannot unfortunately, always 
be best applied. However, by studying the wear and surface 

®See Symposium on Engine Wear, 


waukee, Wis., April 14-15, 1938: 


SAE National Tractor Meeting, Mil- 
«34 
Colwell 


“Valves and Valve Gears,” by 


the fixed specimen representing the piston ring. Values shown are 


comparable within this group only 


action of a combination on which actual service experience 
has been accumulated, values along the lines illustrated do 
give support to an opinion. 


Sleeve and Liner Materials 


So tar in our discussion we have dealt mainly with gray 
cast iron, since this still constitutes the usual material for 
automotive cylinder use. However, the past few years have 
seen a definite trend to inserted wet or dry liners particularly 
in heavy-duty engines for trucks, tractors, buses and so on. 
The materials used to date for liners cover a wide range of 
composition, with a decided partiality toward those of higher 
hardness. Sizable reductions in wear rates have been reported 
with these harder compositions, although specific data are 
difficult to obtain. 

It is appreciated readily that deciding on what liner material 
should be used, say for instance in a new design engine, is a 
difficult problem for any engineer. Service experience is likely 
the main guide and, if available in reasonably conclusive form, 
the problem becomes less difficult. However, adoption of 
previous material means that the existing status of wear rates 
will prevail, unless other channels of design are applied to 
influence results favorably. More often than not there arises 
the question as to whether there may not be an even better 
material or combination. 

If no service background is available, the engineer is then 
faced with conventional physical test data such as tensile 
strength, yield point, hardness, and so on —these data being 
useful from a design angle but, as we have seen, they do not 
add much to an opinion as to how the alloy will likely behave 
under wear action. 

Table 6 shows wear-test data of various liner materials when 
run against cast iron representing conventional piston-ring 
structures. Some of the materials for which wear values are 
shown, along with their surface effects, are used broadly in 
aircraft and high-speed diesel engines. These materials then 
may serve as reference points for comparison purposes. These 
liner materials are listed in order of total wear or weight loss, 
though it is not to be inferred that this value alone determines 
their suitability or merit. The surface effects and cylinder- 
ring wear ratio are also factors to be considered. 

Note that the No. 4, plain cast iron, compares favorably 
from all angles, even though it is in the lower hardness group, 
and it is unfortunate that such material lacks suitable strength 
properties for a wider usage. Of interest too is No. 5, the 
austenitic cast iron, which, although reported as having broad 
application in England (possible largely on the basis of its 
anti-corrosive properties), has not found extensive use here in 
the United States, and the test data shown do not indicate 
very good suitability for sleeves, unless it be in applications 
with abundant lubrication. Nos. 7 and 8, the graphitic steels, 
have received some limited use, but these materials under our 
wear test procedures, as well as in limited engine tests, do 
seem to have proneness to scuffing. Other values shown will 
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Table 6 — Cylinder Sleeve Materials - Wear Tests 





; Liner Ring ; 
No. Material Brinell Used In Wear Wear Total Surface 
1. Carburized Steel - SAE 2512 700 Aero Production 7.1 54.8 61.9 Smooth * 
Smooth** 
2. Chromium-Molybdenum —- SAE 4140 320 Aero Production 4.2 61.6 65.8 Smooth-Glaze 
: Slight Scored 
3. Nitralloy Steel 975-1000 Aero Production 2.8 65 .2 68 .0 Smooth 
; R Slight Scored 
4. Plain Cast Iron, 14 in. thickness 200-230 Auto-Diesel Production 15.0 56.7 Se Very Smooth 
bo Very Smooth 
5. Austenitic Cast Iron —- Cent. Cast 200 Auto Experimental 63.8 18.7 82.5 Lip-Glazed _ 
: Loading-Welding 
6. Chilled Iron — Cent. Cast on Steel 900 Aero Experimental 22.4 62.5 84.9 Very Smooth 
ee: Slight Scored 
7. Graphitie Steel 190 Auto Experimental 7.0 78.0 85.0 Scuffed Badly 
Scored 
8. Graphitic Steel 270 Auto Experimental 4.9 86.0 90.9 Scuffed Badly 
Scored 
9. H. T. Alloy Cast Iron 410 Auto and Diesel Production 12.5 81.0 93.5 Slight Scuffed 
ee Slight Scored 
10. Siliconized SAE 1020 Steel 150 Auto Experimental 7.7 86.8 94.5 Scuffed 
: Slight Scored 
11. Chapmanized Steel 900-950 Aero Experimental 4.5 107 .0 111.5 Smooth 
Scuffed 
12. H. T. Alloy Cast Iron 235 H. 8. Diesel Production 10.4 103.5 113.9 Slight Lip 
Smooth 
13. Molybdenum Steel —- SAE 4345 350 Diesel Experimental 3.5 135.0 138 .5 Scored 
Scored 
14. Nitri-Cast-Iron 800-1000 Auto and Diesel Experimental 5.4 141.0 146.4 Slight Pitted 
Smooth Glaze 
15. High-Speed Diese] Liner 800-1000 Diesel Production 2.1 166.5 169.6 Scuffed 
Scored 





* Top line refers to liner (specimen) surface. 
** Second line refers to ring (drum) surface. 








not be discussed in detail, although it is hoped that they will 
prove of interest, particularly to those who may be in a posi- 
tion to correlate them with actual service. 

Many other ferrous and non-ferrous alloys have been tested, 
and some surprising results obtained with certain combina- 
tions. However, for our purposes here, those shown are likely 
to be of more immediate interest from a cylinder liner view- 


point. 


Hardness — Structure — Wear — Discussion 


Considering gray cast iron only, this material is unique in 
that it has inherent bearing qualities lacking in many steels 
and other hard-surfaced alloys. Cast iron is by a far-and-wide 
margin more compatible against many materials, and often 
under adverse conditions. These characteristics are likely due 
to its unctuous or greasy nature and to the microscopic irregu- 
larity of its make-up. Within this material itself, however, we 
have found a rather wide variation in wear rates and suscepti- 
bility to scuffing, as pointed out in the Group I and II divi- 
sions. With the usual grades of cast iron, going from coarse 
grain to fine grain, or say from 160 Brinell to 260 Brinell, 
these materials seem to increase in wear, and decrease in 
scuffing tendency. Abuse to the mating surface appears to 
decrease in this same order. 

From around 260 Brinell upwards, covering the alloy and 
heat-treated irons, lower wear is had, but often at the expense 
of the contacting part and, in general, scoring, or the amount 
of oil needed to prevent scoring, seems to increase. These, 
observations of course must be taken as representing the usual 
case, and there are obviously many exceptions. 

However, for the most part, it appears that such wear 
actions are largely a function of the grain size and structural 
make-up. The best results obtained have apparently been 
insufficient by present-day standards, so that resort has been 
made to the steels and surface-hardened materials. This trend, 
of course, has been influenced by the need for strength and 


thermal stability, as well as by the quest for lower wear rates. 

With these hard-faced alloys the writer always has believed 
that an entirely different wear condition is established, that is, 
the structure of many of these alloys lacks both lubricating 
and bearing constituents and approaches an amorphous or 
vitrified type of structural make-up. It is always difficult to 
draw the dividing line between this type of material and the 
cast irons just discussed. The very hard alloys (carburized 
steel, nitrided steel, and so on), if used successfully in a wear 
application, wear so slowly that they may almost be considered 
as not wearing at all. Their hard surface, however, although 
not so readily marred, lacks any “healing” properties and, 
once mutilation is started, it usually multiplies rapidly. It 
would seem that these materials are “prima donnas” and are 
operating with a small safety factor, or near the danger line, 
and demand that conditions vary not too much from a critical 
range. It is a tribute to engineering skill that they do never- 
theless find successful usage, and often give a good account 
of themselves. 


Conclusion 

Regarding the use of various materials for cylinder or liner 
applications, many factors not considered in this paper may 
be the deciding cause or reason for using any given material. 
Costs, design problems, maintenance, lubrication, and so on, 
and so on, are but a few whose influence is not treated. Their 
elimination was purposely done, in the hope that, by ignoring 
these factors for the moment, we might clarify our views 
better from a strictly material angle. 

We have attempted to describe some sidelights and opinions 
on the nature of wear actions as observed largely under arbi- 
trary testing procedures, and with only the limited service 
confirmation given. Without doubt, further understanding 


and knowledge regarding the mechanism of wear will alter 
these opinions. It is mainly with the desire to aid in a small 
way toward such understanding that this paper is submitted. 
































Engine Flame Researches 


By T. A. Boyd 


Research Laboratories Division, General Motors Corp. 


ALLING knock “the cancer of engine combus- 

tion,” Mr. Boyd explains that his paper—a 
review of research on engine combustion which 
has been pursued steadily for many years — is con- 
cerned chiefly with this phenomenon. Of the 
many aids to observation which have been devel- 
oped for the research, or adapted to it, he de- 
scribes first an optical engine indicator by means 
of which it was observed early that knock is not 
caused by preignition, as was then thought, but 
that it arises from a pressure disturbance which 
occurs several degrees after the ignition spark. 


Other aids to observation utilized in the course 
of the research are named as the bouncing-pin in- 
dicator for matching fuels or for comparing one 
degree of knock with another; auxiliary sampling 
valves for tracing reaction progress by chemical 
means and for detecting incipient oxidation 
within the dark region ahead of the flame; win- 
dows of various sizes and shapes through which 
events inside the combustion space were observed 
by eye. photographed in sections and in full view. 
and examined with the aid of spectroscopes. 
Through such windows also radiation from the 
flames was registered by a thermopile, and flame 
temperatures were measured by a spectrographic 
technique. To summarize the information about 
engine flames accumulated by all these various 
means is the purpose of this paper. 


HIS paper gives a tabloid review of a long research on 

engine combustion. The investigation has been con- 

cerned in large measure with knock, for knock is the 
cancer of engine combustion. But knowledge of knock-free 
combustion has been sought as well. 

It is, of course, because the automobile with all its great 
usefulness depends upon burning gasoline to the best possible 
advantage that these researches have been pursued. The 
charge of air and gasoline in the engine burns so extremely 
fast that the combustion is all over in the hundredth part of 
a second or less. The fire also is shut up inside a cast-iron 
chamber. And so it is not easy to study engine flames in the 
place where they are. But, nevertheless, that is where these 
studies have been made for the most part. 

The present review is necessarily limited to the results of 


[This paper was presented at the World Automotive Engineering Con- 


gress of the Society, San Francisco, Calif., June 8, 1939.] 
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Fig. |-The Midgley optical gas-engine indicator mounted 
on a l-cyl engine is inspected by its inventor, Thomas 


Midgley, Jr. 


this particular series of investigations. Some discussion of the 
findings of other investigators, where they exist, however, will 
be found in the original papers cited. This review is based 
upon the researches of several men, the most recent and exten- 
sive being those of Lloyd Withrow and G. M. Rassweiler. 


The Optical Engine Indicator 
The aid to observation first used in these researches was the 
optical pressure indicator mounted on a 1-cyl engine, as pic- 
tured in Fig. 1. This instrument, called the Midgley optical 
gas-engine indicator, was developed in part from indicators in 
use prior to that time. It gave both pressure-volume cards in 
which pressure was plotted against piston position and pres- 
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sure-time cards in which pressure was plotted against crank 
angle’ *, 
A typical pressure-time card taken with the Midgley indi 


cator 1s presented in Fig. 2. On this card, 
normal or knock-free combustion, time is read always from 
left to right, and the sequence of events is designated on the 
card. In these researches, pressure-time 
more useful than pressure-volume 
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This condition was 
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Fig. 3-— Copies of some typical cards taken with the Midgley 
indicator 


so because, in the pressure-time card, the changes in pressure 
occurring during the period of combustion were spread out 
over a range of several degrees, which is not true in the case 
of the pressure-volume card. A group of cards of three dit 
ferent types of engine combustion is shown in Fig. 3. 

From indicator cards such as those presented in Figs. 2 and 
3, the following items of information were obtained!: *: *: 

a. That knock is not caused by ae eae is. by 
ignition prior to the firing of the spark — as was then believed. 
Note that, in the knocking card (middle, left in Fig. 3) the 
pressure disturbance at the top of the pressure-time card which 
accompanied knock did not come before the time of the spark, 
but several degrees after the spark. Note further that, in the 
pressure-time card at the bottom in Fig. 3 showing actual 
preignition, or ignition which did occur prior to the spark, 
there was none whatever of the sharp pressure rise that always 
accompanies knock. 

That knock when present is accompanied by a rapid rise 
in pressure. The evidence for this conclusion may be seen at 
the top of the knocking card in Fig. 3 (middle, left). It was 
inferred that this rapid pressure change was followed by 
surges or shock waves within the hot gases. And, as is illus 
trated in Fig. 12, this was later shown to be so!® 1°, 

The pressure-volume cards at the right in Fig. 3 are of 
interest chiefly in showing the negative loop in the card at the 


1See SAE Journal, Vol. 4 No. 4, 


April, 1919, pp. 263-269: “More 
Efficient Utilization of tm * by Charles F. Kettering. 
2 See SAE Journal, Vol. No. 4, April, 1920, pp. 254-257: “High-Speed 


Indicators.”” hy Thomas Midgley. Jr. 


8 See SAE Journal, Vol. 5, No. 3, September, 1919, p. 197: ‘‘Statement 


of Mr. Ketterin~.” 

*(a) See SAE Journal, Vol. 7, No. 3, September, 1920, pp. 224-227: 
“Combustion of Fuels in the Internal-Combustion Engine,” by C. F. 
Kettering; (b) see SAE Journal, Vol. 7. No. 6, December, 1920, pp. 489- 


499, paper of same title by Thomas Midgley, Jr. 

5 See SAE Journal, Vol. 10, No. 1, January, 
of Measuring Detonation in Engines,’ 
Bovd. 


1922, pp. 7-11: “Methods 
by Thomas Midgley, Jr., and T. A. 


bottom resulting from preignition. These cards are 


proximately accurate from 


only ap 
a quantitative viewpoint, but it is 
nevertheless apparent that, if the area of the negative loop at 
the upper right of the card mentioned were deducted from the 
positive area at its lower left, there would be very little horse 
power left. And that, of 
ignition is present. 


course, is what happens when pre 


Bouncing-Pin Indicator 


time in 
evitably came when there was need to measure the degree ot 
knock in a quantitative way. After trying out 
a means of measuring degree of freedom trom knock 
developed which, with improvements made later, has long 
been used in knock testing under the name bouncing-pin 
indicator®. This instrument was made by combining with a 
portion of the pressure element of the Midgley optical indi 
cator, Fig. 1, a free-pin or bouncing-pin principle which Dr. 
H. C. Dickinson had used for detecting in a qualitative way 
whether an airplane engine was knocking. A suitable electric 
circuit to be used in conjunction with this combination was 
developed also. 


In a research on fuels and engine combustion a 


various ideas, 


Was 


The instrument thus formed, as it was in 1922 
at the end of its first year of use, is illustrated in Fig. 4. From 
the first the bouncing-pin indicator was used not to measure 
degree of knock as such, but only as a means of making 
knock ratings by comparison with reference fuels of know: 
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Fig. 4—Bouncing-pin indicator and circuit as it was in 1922 
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Fig. 5 — Mechanism of the sampling valve, showing the manner of mounting it on the engine 


Auxiliary Sampling Valve 
In another phase of this research, an auxiliary valve which 
could be opened at any time in the cycle and which could be 
located at any desired point in the ceiling of the combustion 
chamber, was used to withdraw from the combustion space 
samples of gas which were then analyzed by chemical means®. 


®See Industrial and Engineering Chemistry, Vol. 22, No. 9, September, 
1930, pp. 945-951: **Following Combustion in the Gasoline Engine by Chem- 


ical Means,” by Lloyd Withrow, W. G. Lovell, and T. A. Boyd. 


Fig. 6—Plan view of 
the ceiling of the com- 
bustion chamber of 
an engine showing the 
several locations of 
the sampling valve, 
and also of small 
quartz windows 
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The mechanism of the sampling 
valve in its final form by which 
an accurately timed sample was 
withdrawn, together with the 
manner of its attachment to the 
engine, is pictured in Fig. 5. 
Among the uses to which this 
sampling valve was put was to 
trace the progress of the reac- 
tion zone through the combus- 
tion space by finding the time 
of disappearance of oxygen 
from the charge. This work 
was done by locating the sam- 
pling valve successively in the 
several positions in the ceiling 
of the combustion chamber 
shown in the diagram, Fig. 6. 
To keep from interfering with 
engine cooling, a different cyl 
inder head was used for each 
one of the valve 
shown, nine in all. 





positions 


Some of the results obtained 
in tracing the progress of the 
reaction zone by thus finding 
the time when oxygen disap- 
peared at various points are 
shown in Fig. 7. There distance 
from the spark plug is plotted 
against time. This plot shows 
not only that the progress of 
the oxygen-consuming reaction 
across the combustion space was 
apparently continuous, it shows 
also the interesting and impor 
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Fig. 7 — Effect of engine speed upon the speed of flame move- 
ment through the middle portion of the combustion space 


tant fact that, when engine speed was raised, the rate of move- 
ment of the combustion reaction speeded up to about the same 
degree. Thus the lower curve shows that, at an engine speed 
of 600 rpm, the reaction traveled across the combustion space 
in about one one-hundredth of a second; but that, at 1200 rpm 
it went across in about one two-hundredth of a second, or 
twice as fast. That the combustion reaction does speed up 
when the engine does is surely a very fortunate thing, and this 
is the first direct evidence of it that was obtained. 

Another use of the sampling valve was to withdraw samples 
of the gas ahead of the flame at various points and under a 
variety of operating conditions, and then by chemical means 
to determine the concentrations of aldehydes present there. 
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It thus was found that, during knocking combustion, the gas 
at the end of the combustion space farthest removed from the 
spark plug, as withdrawn just before the flame reached that 
point, contained aldehydes in considerable concentration. It 
was established further that the actual aldehyde present was 
in large measure formaldehyde. Reference will be made again 
to this observation later on. 


Observations Through Windows 


It is natural that attempts should have been made to peer 
into the combustion space to see what the fire in there looked 
like. And so windows were put in the combustion chamber 
in the very early stages of these researches! *, as well as in 
several of its later phases right up to the present time. The 
first windows were of glass, for fused quartz was not then 
available as now. Those first windows were made by remov- 
ing the porcelain of a spark plug and inserting in its place a 
glass disk made tight with the aid of suitable gaskets. Spark 
plugs were large in those days, 7% in. in diameter. 

Peering into the gasoline fire through such a window, it 
was seen that, with a proper mixture ratio and in the absence 
of knock, the fire was bluish in color and of low luminosity, 
like the flame of a well regulated Bunsen burner. But with 
rich mixtures the flame became yellow in color and more 

highly luminous. It was observed further that, when knock 
was present, the fire took on.a brilliant golden-yellow color. 


. 5, May, 1931, 


™See Industrial and Engineering Chemistry, Vol. 23, No 
yasoline Engine,” by 


pp. 539-547: “Photographic Flame Studies in the ( 
Lloyd Withrow and T. A. Boyd. 

8See SAE Transactions, Vol. 23, July, 1928, pp. 384-394: “A New 
Electrical Engine Indicator;” also The Electrical Journal, Vol. 27, Febru- 
ary, 1930, pp. 87-91: “‘An Electrical Engine Indicator,” both by E. J. 
Martin and D. F. Caris. 





Fig. 8— Combustion camera mounted on a I-cyl engine 
A, film drum; B, lens tube; C, spark-plug pressure element 


As a check on the validity of the observations about the 
progress of the combustion reaction which were made with 
the sampling valve just mentioned, and as a means of obser 
ing whether the disappearance of oxygen at any point corre 
sponded with the arrival there of the flame front, small win 
dows of quartz were placed successively in the several posi 
tions in the ceiling of the combustion chamber shown in 
Fig. 6. With the aid of an adjustable stroboscope these win 
dows were used to follow the progress of the flame by direct 
observation. The results thus obtained were found to be in 
agreement with those secured by means of the sampling valve 
located in the same spots, and already reported. That is to 
say, the results obtained in tracing the combustion reaction by 
means of oxygen disappearance agreed with those gotten by 
observing the movement of the flame front itself. But, when 
knock was present, both the direct observations of flame 
through these windows and the sampling-valve results showed 
that something too fast to follow was happening at the end of 
the combustion space where the fire reached the end of its 
course. 

It was for the purpose of finding just what it was that hap 
pened there at the end of the combustion space when knock 
was present that the next extension in the use of windows was 
made. A long narrow quartz window running all the way 
from the spark plug at one end clear across to the other end 
was put in the ceiling of the combustion chamber‘. Then, 
as a means of making the observations certain, there was 
mounted above this window a camera consisting of a fast lens 
and a rotating drum with a film around it. The arrangement 
is pictured in Fig. 8. As is shown there, the film drum was 
driven in synchronism with the speed of the engine. The 
drive was in part the same as had been used to operate the 
sampling valve already described and shown in Fig. 5. 

A pressure record was made simultaneously with the taking 
of the flame photograph. This record was taken with an 
indicator of later development and consisting of a carbon-stack 
pressure element (shown at C in Fig. 8), a Wheatstone-bridg« 
circuit, and an electrical oscillograph for plotting the pressure 
changes*. 

A typical record of smooth or knock-free combustion is 
shown in Fig. 9. A photograph of the ignition spark appears 
at A and of a timing spark at B, 20 deg later. In taking the 
flame photograph at the top in Fig. 9 the film was moving 
uniformly toward the left and the flame was moving under 
neath the window in the direction from the bottom of the 
film toward the top. The upper sloping edge of the light 
portion thus became a distance-time plot of the movement of 
the flame across the combustion space as seen through the 
long window. The bright zone below and to the right of the 
flame front was produced by the burned but luminous gas 
behind the flame front. 

This picture shows that in knock-free combustion the flame 
moved across the combustion space at a fairly uniform rate. 
The flame record shows further that it took about 40 deg of 
engine rotation for the flame to travel across the combustion 
space. Note also that the highest degree of luminosity was 
back by the spark plug at the lower edge of the film. This 
being knock-free combustion, there are no abrupt changes in 
the pressure as it is recorded by the indicator card at the 
bottom in Fig. 9. 

Now the record of knocking combustion differed from that 
ir the absence of knock, as just discussed, in the manner 
pictured in Fig. 10. The difference was in the events at the 
end of the combustion space opposite the spark plug (top of 
the flame photograph in Fig. 10). As before said, it was just 
here that the events proved too rapid to be followed with 
certainty by means of the sampling valve or by observation 
through the small windows with the aid of the stroboscope. 
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Fig. 9 — Time-displacement flame pho- 
tograph and corresponding pressure 
record of knock-free combustion 


In Fig. 10 it is quite apparent that what happened at the end 
of the combustion chamber during knocking combustion was 
this: After the flame had proceeded part way across the com- 
bustion space at substantially its usual or normal rate, it 
reached a point where a very much more rapid combustion 
was initiated. There the combustion became so much faster 
than normal that the flame appeared to fill the remaining 
space almost instantaneously. This is shown by the vertical 
front of the final fourth of its photograph on the fast-moving 
film. 

The effect of this more rapid combustion upon pressure is 
shown by the steep rise at the top of the pressure card in 
Fig. ro. The time when the sharp increase in pressure oc 
curred coincided exactly with that of the rapid burning of 
the final portion of the charge which characterizes knock. It 
was surmised that the fast rate of burning at the end of the 
combustion chamber in knocking combustion might have 
been produced by a fire which broke out ahead of the nor 
mally moving flame within that final portion of the charge. 
(nd in the further work to be reported below it was demon- 
strated that this is so. 

How detonation in a bomb compares with knock in an 
engine is shown by the flame photographs in Fig. 11. The 
picture of detonation in a bomb has been taken from a supple- 
ment to these researches conducted at the Eastern Laboratory 
ot the du Pont Co., in which time-displacement flame photo- 
graphs similar to those presented in Figs. 9 and 10 were taken 
of combustion in a bomb**. The comparative records presented 
in Fig. 11 show that a similar sequence of events to those in 
the gasoline engine occurs in bombs also when the mixture 
burns with what is there called detonating combustion. 

Another observation made in the bomb studies of combus- 
tion just mentioned was that the rate of flame travel increased 
proportionately with degree of turbulence within the mix- 
ture®*, Further, in a theoretical analysis based upon the flame 
photographs and pressure records obtained in these bomb 


*>(a) See SAE Journal, Vol. 8, No. 3, March, 1921, pp. 209-218: “The 
Nature of Flame Movement in a Closed Cylinder,” by C. A. Woodbury, 
H. A. Lewis, and A. T. Canby; (b) see SAE Journal, Vol. 10, No. 5, 
May, 1922, pp. 357-362: “Molecular Movements during Combustion in 
Closed Systems,” by Thomas Midgley, Jr. 

10 See The Automobile Engineer, Vol. 24, August, 1934, 


; pp. 281-284: 
“Engine Knock,” by Lloyd Withrow and Gerald M. Rassweiler. 


‘See the Journal of the Aeronautical Sciences, Vol. 6, No. 10, August, 
939, pp. 412-417: “Sound and Pressure Waves in Detonation,” by Carl E 
Grinstead. 


Fig. 10—Time-displacement flame 
photograph and corresponding pres- 
sure record of knocking combustion 
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Fig. 11—Time-displacement flame 

photographs compared; above, det- 

onation in bomb; below, knock in 
engine 
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Fig. 12 — Pressure waves in a knocking combustion, as made 
visible by their effects within the luminous gases 


studies, it was developed that there is a pressure differential 
in the flame front by which the movement of gas particles is 
changed from a forward velocity in front of the flame to a 
backward velocity behind the flame®*”. 

It was mentioned previously that during knocking combus- 
tion surges or pressure waves were believed to be set up 
within the gases. The flame photograph, Fig. 12, which is a 
record of violent knock in the engine, shows that these surges 
do exist and that they can become pronounced enough to be 
visible as a series of lighter and darker bands following knock. 
In the case pictured in Fig. 12, the shock waves set up by 
knocking combustion were traveling back and forth inside the 
combustion space with a frequency of about 3500 cycles per 
sec. It was estimated that the pressure variations represented 
by the surges amounted to as much as 75 lb per sq in. It was 
shown also that the frequency of the shock waves in the flame 
photographs, as pictured in Fig. 12, corresponded with the 
frequency of vibrations recorded on the indicator card during 
the expansion stroke’. 

It has been shown further that there is a direct one-to-one 
ratio between the frequency of the surges or pressure waves 
within the combustion chamber as set up by knock and that 
of the audible sound of knock outside the engine’. This 
relationship is illustrated by the record presented as Fig. 13. 
The trace of the pressure wave and that of the sound wave 
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Fig. 13-Records showing a one-to-one frequency relationship between shock waves within the 
combustion space and sound waves in the air near an engine 


shown there were picked up simultaneously by an engine 
indicator and a microphone, respectively, and recorded at the 
same instant by photographing the screens of the two cathode 
ray oscillographs upon which each appeared separately. On 
the records presented in Fig. 13 the frequency of the pressure 
surges and the sound waves is 3330 cycles per sec. Frequency 
was found to vary from one engine to another with the dimen 
sions of the combustion chamber, and also in any given engine 
with the temperature of the gases in the combustion space. 
The total range observed in these experiments was from about 
3000 to 6000 cycles per sec. 


Study of Radiation Characteristics 

In one phase of these researches some measurements were 
made of the distribution of total energy radiated by engine 
combustion under different conditions and at various times in 
the cycle’*. Radiant energy from the combustion process was 
brought out through a quartz window and through a narrow 
radial slot in a timing stroboscope to a copper-constantan 
thermopile mounted in an evacuated tube, and the current 
output of the thermopile was read by means of a sensitive 
galvanometer. No geographical separation of combustion 
events was made, except to the extent that such separation 
was effected by the timed stroboscope rotating in front of the 
window which looked through the combustion space from 
the side. 

The measurements of radiant heat emitted were quantita- 
tive only to the extent of showing the relative amounts of 
total radiation from the flame under different conditions, such 
as at different times in the cycle, at different mixture ratios, 
with different fuels, or in the presence or absence of knock. 
Thus, with any given fuel, radiation was found to be highest 
at the mixture ratio corresponding roughly to that giving 


12 See SAE Journal, Vol. 14, No. 2, February, 1924, pp. 182-185: “Radi- 
ation Characteristics of the Internal-Combustion Engine,” by Thomas 
Midgley, Jr. 

13See SAE Journal, Vol. 10, No. 3, March, 1922, pn. 218-219, 222: 
““Spectrose-pic Investigation of Internal Combustion,” by Thomas Midgley, 
Jr., and WK. Gilkey. 

% See Industrial and Engineering Chemistry, Vol. 23, No. 7, July, 1931, 


pnp. 769-776: “Snectrosconic Studies of Engine Combustion,’”’ by Lloyd 
Withrow and Gerald M. Rassweiler. 
15 See Industrial and Evaincerina Chemistry. Vol. 24, No. 5. Mov, 1932 


pp. 528-538: “Emicsinn Spectra of Engine Flames,” by Gerald M. Rass- 
weiler and Lloyd Withrow. 


maximum power, and_ the 
amount of radiation decreased 
as the mixture was made either 
richer or leaner from that point. 
This observation held both for 
knocking and for non-knocking 
combustion. That the quantity 
of radiation from the combus 
tion was greater when knock 
was present than when it was 


HIGH PRESSURE RECORD 
IN COMBUSTION CHAMBER 


absent is shown in Fig. 14, 
where the relative amount of 
radiant heat is plotted against 
crank angle for knock-free and 
for knocking combustion. 


Spectroscopic Studies 


SOUND RECORD IN AIR 
NEAR FLYWHEEL 


The spectroscope, which is a 
means of separating light into 
its various components in re 
spect to wave length, was used 
first for examining the light 
from when small 


glass windows were first put 


combustion 


into engines*”. Later a spectro 
scope especially built to com 
bine the dispersion or light 
separating effects of a diffraction grating and a prism was 
built and applied to the study of the light from combustion 
through the small windows then available’*. But, after the 
knowledge of the geography of combustion obtained in the 
photographic studies reported previously’ had made it pos 
sible to train the spectroscope upon a single event, such as the 
Hame front or the afterglow, the application of the spectro 
scope became more productive. 

The same long quartz window in the ceiling of the com 
bustion chamber through which the highly informative flame 
photographs described previously were taken, was used in 
making the studies by means of emission spectra — or spectra 
of the light emitted in the combustion — now to be reported 
in brief'*: 1°, The arrangement of the spectroscope above the 
window in the engine and that of the stroboscope placed be 
tween the two for the purpose of timing the exposures, are 
pictured in Fig. 15. 

Typical spectra obtained in this study are reproduced in 
Fig. 16. There the following spectra are compared: 1. inner 
cone of flame of gasoline torch; 2. flame front in engine; 
3. afterglow in engine. These spectra show that the flame 
inside the engine is quite similar in composition to the inner 
cone of the flame in a gasoline torch or in a Bunsen burner. 
Both the spectrum of the engine flame (spectrum 2) and that 
of the inner cone of the burner flame (spectrum 1) show the 
bands of CH and C, which are characteristic of burning 
hydrocarbons. However, the CH and the Cy. bands are absent 
from the region behind the flame (spectrum 3) called the 
afterglow, thereby indicating that the gasoline is not burning 
there. This condition suggests that the hydrocarbon combus 
tion proper completes itself within the flame front. From 
observations made on flame photographs, the flame front 
appears to be relatively a narrow region; although, as will be 
shown later, its width seems to vary somewhat. 


In the spectrum of the afterglow (spectrum 3) may be seen 
the diffuse bands which spectroscopic investigators have attrib 
uted to carbon dioxide. When the flame spectra were ex 
tended into the ultraviolet, which region of wave length is not 
shown in Fig. 16, evidence of the presence of OH radicals 
appeared also. OH radicals were present too in the afterglow, 
the luminous region behind the flame front. In the spectra of 
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engine flames within the ultraviolet region appeared, in addi 
tion, bands which have been identified as corresponding to 
the combination HCO, but this group was absent altogether 
from spectra taken in the afterglow?. 

Just one other observation from emission spectra — or 
spectra of the light emitted by combustion in the engine 
may be mentioned, because it has an important bearing upon 
what is to be presented next. This observation was that, 
within the zone of knocking combustion, when knock was 
present the intensity of the CH and Cz bands in the flame 
front was reduced greatly. This result suggests that some 
hydrocarbon-destroying reactions may have occurred within 
the region of knock before the flame arrived there. 

Emission spectra cannot be utilized, of course, unless the 
thing to be examined is luminous enough of itself to emit the 
necessary light. And so, to study the dark or non-luminous 
region ahead of the flame, absorption spectra had to be em- 
ployed’® ** 1. An absorption spectrum is one that is ob 
tained by passing through the region to be examined and into 
the spectroscope a light which of itself gives a continuous or 
unbroken spectrum. The spectroscope then records such dis 
continuities as result from the absorption of any part of the 
source light, or any of its frequency ranges, by substances 
present in the zone through which it is passed, and gives 
thereby what is called an absorption spectrum. 

The absorption spectra studies were made by means of the 
system pictured in diagrammatic form in Fig. 17. The system 
shown there had an external source of light F of continuous 
spectrum, two windows W, and W2 on opposite sides of the 
combustion chamber by means of which the light could pass 
through the combustion space at the end where the kind of 
burn which characterizes knock occurs, and finally a spectro 
scope with its slit at S. 

The absorption spectra shown in Fig. 18 are typical of those 
obtained in this study. Spectrum 1 was taken within the zone 
of knock under knocking conditions but just prior to the 
passage of the flame through it. This spectrum shows pro 
nounced absorption in the ultraviolet from a wave length of 
3000A down to the limit of the spectra at 2350A. By com 
parison with this one, spectrum 2, taken under the same con 
ditions except that the engine was not knocking, shows 
substantially no absorption. This condition may be seen by 
comparing it with the spectrum of the source (spectrum 3) 
taken with no absorbing material in the optical path. Evi- 
dently, under knocking conditions, some chemical changes 
were occurring in the mixture within the zone of knock but 
ahead of the flame which were not happening there in the 
absence of knock. Spectrum 4 is an emission spectrum of the 
flame in the same zone, shown merely for comparison. 

One result of these chemical changes was the formation of 
the compound formaldehyde. This formation is shown by the 
microphotometer records reproduced in Fig. 19. Trace 1 
shown there was taken from an absorption spectrum obtained 
through the zone of knock just ahead of the flame under 
knocking conditions, and trace 2 from an absorption spectrum 
of formaldehyde outside the engine. The several formaldehyde 
band heads indicated by the arrows thus show that formalde 
hyde is one of the oxidation products formed in the dark 
region ahead of the flame under knocking conditions. It may 
be recalled that formaldehyde previously had been identified 
in the same region by direct chemical analysis of samples 


16 See Industrial and Enaineecring Chemistry, Vol. 25, No. 8, August, 


1933, pn. 923-931: “Ahsorption Snectra of Gaseous Charges in a Gasoline 
Encine,”’ hy Lleyd Withrow and Gerald M. Rassweiler. 

17 See Industrial and Enaineering Chemistry. Vol. 25. No. 12, December, 
1933, pn. 1359-1366: ‘“‘Snectrogranhic Detection of Forma'dehvde in an 
Engire Pricer to Knock.” by Gerald M. Rasswei'er and T loyd Withrow. 

18 See Industrial and Enaincerina Chemi-try, Vol. 26. No. 12, December, 
1934, pn. 1254-1262- “Formaldehvde Formation by Preflame Reactions in an 
Engine.” hv Tlevwd Withrow ard Gerald M. Rassweiler. 

19 See SAE Transactions. Vol. 39. Anril. 1975. pp. 125-133: “Flame Tem- 
eratures Vary with Krock ard Combustion-Chamber Position,” by Gerald 
M. Rassweiler and Lloyd Withrow 
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withdrawn by means of the auxiliary sampling valve men 
tioned earlier. 


Flame Temperature Measurements 

Using practically the same arrangement of windows, optical 
train, and spectroscope as was employed tor taking the ab- 
sorption spectra just discussed and pictured in Fig. 17, the 
temperatures of the inflamed gases within the combustion 
chamber were measured under different conditions’®. This 
measurement was done by what is called the sodium-line 
reversal method. Light from a tungsten-filament lamp whose 
temperature could be varied over a known range was passed 
through the flames colored by a trace of added sodium. A 
stroboscopic shutter, shown at T in Fig. 17, was used to select 
the precise time at which each measurement was made. In 
respect to location in the combustion chamber, measurements 
were made not only along the line of the optical system shown 
in Fig. 17, but also along the line B near the middle of the 
combustion space and along the line C near the end in which 
the spark plug was located and thus in which the flame 
originated. 

The selected spectra presented in Fig. 20 show how the 
sodium line changed from a bright line of emission at the top 
to a dark line of absorption at the bottom as the temperature 
of the lamp filament at F in Fig. 17 was increased from below 
the temperature of the gas to be measured to above it. Right 
at the point when there was neither emission nor absorption - 
that is to say, when no sodium line appeared on the spectrum, 
as in the range between spectrum 2 and spectrum 3 -— the 
temperature of the lamp filament just matched that of the 
sodium atoms in the inflamed gas, and hence the temperature 
of the flame. 

A summary of representative rounded gas temperatures, as 
observed by this means in the flame fronts and in the after- 
glow during knock-free and knocking combustion, is shown 
in Fig. 21. Shortly after ignition, both in knock-free and in 
knocking combustion, the observed temperature of the gas 
was 3700 to 3800 F. Also, when the flame neared the opposite 
end of the combustion space, the temperature there also was 
about the same, namely, 3750 to 3850 F. But meanwhile the 
temperature of the gas back by the spark plug had risen about 
500 deg in the case of knock-free combustion and about 750 
deg in the case of knocking combustion. 

Thus the highest gas temperature inside the engine is not in 
the flame front itself but in the hot gas behind the flame 
front, in the afterglow. In reality this is equivalent to saying 
that the highest temperature is not in the fire but in the ashes. 
There is a reason for this apparent paradox!®, but it need not 
be given here. 
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Fig. 14- Relative amounts of heat radiated by knocking and 
non-knocking combustion 
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Fig. 16—Spectra of the flames of gasoline-air mixtures 


|, Inner cone of burner flame; 2, flame front in engine; 3, after 
glow in engine 


Fig. 20—Spectra showing the reversal of the sodium 
line from bright to dark as the temperature of the 
filament in the source light is raised 
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Fig. 18-— Spectra comparing absorption by the dark portion of the charge within the knocking zone just prior to inflammation under 
conditions with that under non-knocking conditions 
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Fig. 17—Arrangement of optical system and windows for photo- 
graphing absorption spectra in the engine and also for measuring 
flame temperatures 


W, windows; F, source of light; |, point of ignition; L, lenses; T, 
stroboscopic shutter; D, diaphragms; S, spectrograph slit 


The highest of the temperatures given in Fig. 21 is about 
5000 deg on the absolute temperature scale. And that tem 
perature is higher than the boiling point of iron. Not the 
melting point, the dozing point. 

In the effort to peer into the combustion space at events 0? AFTER IGNITION a nas A a (2h) 
happening there, a time came when it seemed necessary to see 
them not just piecemeal, as had had to be done up to that 
point, but all at once and in full view. There was need to see 
just what the shape of the flame front was and just how the 
flame spread through the space. 

A special cylinder head was accordingly dev-loped which 
had as the ceiling of the combustion chamber a thick plate of 
fused quartz*°: *1, A photograph of the top of the r-cyl 
engine with the full-view quartz window in place is presented 
as Fig. 22. Through this window the spark plug, the valves, 
the piston top, and the whole inside of the combustion space 
could be seen. 












SPARK 
TERMINALS « 


After a great deal of study of high-speed motion picture 
cameras and techniques, a special camera containing 30 
matched lenses was designed and constructed. The lenses 
were mounted 2.4 deg apart along a sector of the circum- 
ference of a large disk carried by the crankshaft. 

A picture of the camera mounted on a 1-cyl engine is shown 
as Fig. 23. The system comprised the window already shown, 
a Stellite mirror H at an angle of 45 deg just above the win- 
dow, a stationary master or field lens 7, and the 30 small 
matched lenses spoken of previously. A narrow slit close to 
the moving film acted as a focal plane shutter. The arrange- 
ment was such that each one of the 30 lenses as it swept by 
the field lens took a picture of the state of events in the com- 
bustion space. Since the 30 moving lenses were carried di- 
rectly on a large disk which rotated with the crankshaft, the 
20 See Industrial and Engineering Chemistry, Vol. 28, No. 6, June, 1936, 
pp. 672-677: “High-Speed Motion Pictures of Engine Flames,” by Gerala 
M. Rassweiler and Lloyd Withrow. 

2 See SAE Transactions, Vol. 31, August, 1936, pp. 297-303: “Slow 


Motion Shows Knocking and Non-Knocking Explosions,” by Lloyd Withrow 
and Gerald M. Rassweiler. 


Fig. 21 —Typical flame temperatures in the gasoline engine 
Fig. 22—Top of I-cyl engine with full-view quartz window in place 


Fig. 23 — High-speed motion-picture camera mounted on engine 


G, window retainer L, rotating disk 
H, mirror O, focal plane shutter 
|, field lens V, film metering sprocket 


K. master shutter W, film take-up spool 
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Fig. 24 — Twelve 
consecutive 
frames from 
high-speed _pic- 
tures of a knock- 
free combustion 


Fig. 25-Selected 
high-speed flame 
pictures which 
distinguish be- 
tween knock-free 
and knocking 
combustion 


Fig. 26 — Indi- 
vidual frames 
from three non- 
knocking explo- 
sions, illustrating 
the variability 
of flame fronts 
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number of pictures taken per second was determined by the 
engine speed. At 1000 rpm 2500 pictures per sec were taken 
and, at 2000 rpm, the number taken per second was 5000. 
The light-tight cover for the rotating disk and the assembly 
which it carried are not shown in the picture. 

Reproduced in Fig. 24 are 12 of the set of 30 pictures of 
one knock-free combustion, six before top dead-center and six 
after top dead-center. In the first frame, the one at the upper 
left, the flame already has proceeded a short distance away 
from the spark plug which is located in the middle of the 
combustion chamber wall, at the extreme left in the frames, 
Fig. 24. The succeeding eleven frames show how the flame 
moved gradually onward. The period of flame progress cov- 
ered by the twelve frames is just under 30 deg of crankshaft 
rotation, which was about one two-hundredth of a second. 
But, in spite of the shortness of the time, it is apparent that 
the flame moved forward in progressive fashion. Note in the 
six lower frames the high degree of luminosity at the spark 
plug end of the combustion space, and recall what already has 
been shown about how much hotter it is in the region of the 
spark plug than in the flame itself at the time the flame 
reaches the end of the combustion space opposite the plug. 

Now one of the items of greatest interest to be observed 
through a full-view of the combustion process by means of the 
high-speed picture technique was just how events when knock 
was present differed from those when knock was not present, 
as was pictured in Fig. 24. The flame photographs presented 
in Fig. 25 have been selected to show this difference. Repro 
duced there are at the top four frames from a non-knocking 
combustion and at the bottom the four equivalent frames from 
a knocking combustion. In the four upper frames the flame 
moves forward by gradual stages, as already has been shown 
to occur when knock is absent. Frame 12 below (the first one 
at the left) is practically like the corresponding frame 12 
above it. So also frames 13 above and below are substantially 
alike in flame progress. But at 4 in frame 13 below appears 
a spot of wild flame far in advance of the flame front proper. 
How from that point on this wild flame spreads through the 
charge like the cancer of combustion which it is may well be 
seen by comparing the two succeeding frames below with the 
corresponding ones in the upper row. In frame 14 below the 
wild flame has consumed almost all the remaining charge, and 
in frame 15 it has eaten it all away. But in frame 15 of the 
non-knocking combustion at the top the normal flame has still 
about one-third of its course to go. 

It is this formation of fire out in front of the normal flame 
and the extremely rapid combustion that results from it which 
gives the sudden elevation of gas pressure and the pinging 
noise called knock. These phenomena are seen also in the 
time-displacement flame photograph and corresponding pres 
sure record, Fig. 10. Both the magnitude of the pressure dis- 
turbance and the intensity of the noise of knock are deter- 
mined, under any given set of conditions, by the amount of 
the charge involved in the extremely rapid burning, or by the 
portion of the charge still remaining to be burned at the 
instant when spontaneous ignition occurs. In the instance 
illustrated in Fig. 25, it has been estimated from the results of 
research to be reported later that about 40% of the mass of 
the charge was involved in the knocking portion of the burn. 
In respect to engine output, the effect of such a knock was a 
reduction of about 10% in power. 

The three frames from different non-knocking combustions 
presented in Fig. 26 are shown to illustrate the observation 
that the flame fronts inside the engine are quite variable in 
shape**. The various regions of the burning mixture are there 


22 See Journal of Applied Physics, Vol. 9, June, 1938. pn. 362: “Studvine 


Engine Combustion by Physical Methods,” ne Tisch ‘Witsow unk’ Garett 
M. Rassweiler, 


2% See SAF Transactions, Vol. 33. May. 1938, pn. 185-204: “Motion 


Pictures of Encine Flames Correlated with Pressure Cards,’’ by Gerald M 
Rassweiler and Lloyd Withrow. 
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differentiated also as: 4, flame tront; B, afterglow; C, non 
inflamed charge. The flame fronts appear also to be of varying 
widths. These pictures show further that there are two re- 
gions of high luminosity, one along the forward edge of the 
flame and the other well behind the flame in the afterglow. 


Utilization of Flame Studies 

The object of getting a series of 30 successive pictures of a 
single explosion, as was done in this research, was not merely 
to be able to see the character and shape of the flame nor to 
run the pictures as a slow-motion movie, as can be done; it 
had the further practical engineering objective of serving as 
a means of finding the relationships among essential engine 
factors, such as that between volume inflamed and mass 
burned and that between mass burned and pressure developed, 
As the pictures were being taken, a determined effort was 
accordingly made to get at the same time an accurate pressure 
card of each combustion photographed. This latter task 
proved to be an even bigger problem than taking the pictures. 
But, nevertheless, by means of an elaborate system of calibra 
tions under operating conditions, the problem of taking pres- 
sure cards that were accurate in a quantitative sense was 
solved, so far as this research was concerned**. 

Then, by the application of a large amount of effort and 
ingenuity to the analysis of the flame pictures and the corre- 
lative pressure records as obtained from the engine, it has 
been possible to derive a definite relationship between fraction 
of the volume inflamed and mass of charge burned. This 
relationship for a series of representative explosions is shown 
in Fig. 27. Thus the curve there shows that, when the flame 
had filled 50% of the chamber volume, only about 25% of 
the mass of the charge had been burned; and that, when 75% 
of the chamber volume was filled with flame, about 50% of 
the mass had been burned. 

Again, the chart presented as Fig. 28 shows how closely 
percentage mass burned relates to the percentage of pressure 
rise due to combustion. It is important to note, however, that 
this perfection of agreement cannot be obtained without tak 
ing into account the changes in volume arising from piston 
motion, for engine combustion does not occur at constant 
volume. It was possible with the records obtained in this 
research to make the necessary corrections for piston move- 
ment. Note, in Fig. 28, how very slow the rate of reaction is 
during the first one-fourth of the combustion period. Less 
than 5% of the charge burns during the first quarter of the 
combustion period, even under favorable conditions. 
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Fig. 27 —-How volume inflamed relates to mass burned 
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Fig. 28 — How pressure rise relates to mass burned 
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The influence upon rate of combustion of changes in point 
of ignition, in air-fuel ratio, and in degree of throttle opening, 
as determined from flame pictures and pressure records in this 
research, is illustrated in Fig. 29 **. In each of the three plots 
presented there, percentage mass burned is plotted against 












































































































































™% “Flame Propagation and Pressure Development,” by Gerald M. 
Rassweiler, Lloyd Withrow, and Walter Cornelius, to be published in 
SAE’ Transactions. 
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Fig. 29-—Influence upon rate of combustion of changes in 
point of ignition, in air-fuel ratio, and in degree of throttle 
opening 
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Fig. 30— How percentage volume inflamed as derived from 
pressure cards relates to that derived directly from flame 
pictures 


time, or crank angle. The upper plot shows how much faster 
the charge burns when ignition is at the center of the com- 
bustion space than when it is at the end. For the case shown, 
the difference in overall time is about 8 deg of crank angle. 
The curves in the middle plot show that a charge of mixture 
ratio 19:1 took about 12 deg of crank angle longer to burn 
than one of 13:1 mixture ratio, the latter being the mixture 
giving maximum power. In the case of the lean mixture the 
time between ignition and the burning of an appreciable part 
of the charge was nearly twice as long as normal, and the 
maximum rate of combustion was about 25% slower in the 
case of the lean mixture than in that of the best-power mix- 
ture. The lower plot in Fig. 29 shows a comparison between 
rate of combustion at full throttle and that which occurred 
when the throttle was set to give about 45% of full engine 
power. In relationship to each other the curves in this plot 
are seen to be similar to those in the plot immediately above 
it, where a comparison in the same terms is made of the effect 
of mixture ratio upon combustion. At part throttle the maxi- 
mum rate of combustion was only about half as great as at 
full throttle, and combustion was about 50% longer. 

At any given crank angle, as has been shown in Fig. 28, the 
percentage of the mass of the charge burned is approximately 
equal to the percentage pressure rise due to combustion. 
Hence the curves in Fig. 29 show also with a fair degree of 
accuracy the percentage pressure rise due to combustion at the 
various crank angles for the different conditions involved. 

Since, as has been established in these researches, there is 
a definite relationship between volume inflamed and mass 
burned and between mass burned and pressure developed, 
when piston motion has been taken account of, this important 
conclusion follows. If accurate pressure cards are available, 
the essential relationships which have been established in this 
research can be derived directly from the pressure cards — that 
is, without using the flame pictures at all. The chart pre- 
sented as Fig. 30 shows how volume inflamed as derived from 
pressure cards relates to that observed directly by means of 
the flame pictures. The maximum difference between the 
values obtained by the two methods is about 8%, and this 
difference occurs at the middle points where the course of the 
curve would not be changed greatly by fitting it to the points 
derived from the pressure card instead of to those observed on 
the flame pictures, as has been done in the plot. 

One important result of these researches thus has been to 
show how valuable a precise pressure indicator can be in the 
study of combustion events, and how to use it for finding such 
factors as volume inflamed and mass burned at any instant. 
The dependability of such quantities derived from pressure 
cards must, of course, depend upon the accuracy of the pres- 
sure record. 
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HE designation, “hydrodynamic” power trans- 

mission, is used in this paper, and not “hy- 
draulic” power transmission because fluid gears 
are discussed that operate by dynamic action like 
turbines or centrifugal pumps, not those working 
by means of static fluid. pressure like piston 
pumps. It is the dynamics of turbines and cen- 
trifugal pumps which has to be understood when 
the action of a hydrodynamic gear is to be ex- 


plained. 


The basic ideas of the hydrodynamic power 
transmission are given, especially when applied 
to motor cars. A hydrodynamic gear which can 
take differences of torque between the primary 
and secondary shaft and which consequently is 
furnished with one or more fixed blade rows, is 
defined as a “hydraulic torque converter.” but 
such a gear, which consists of revolving blade rows 


HIS paper will not deal with any special device of 
"T pore transmission for motor cars, but will give the 
basic ideas of the hydrodynamic power transmission, 
especially when applied to motor cars. Nowadays, the char- 
acter, features, and attributes of hydrodynamic transmission 
are not known generally among engineers; the reason for this 
condition may be the fact that the operation of a hydro- 
dynamic gear is naturally more complex than that of a me- 
chanical one and, therefore, it is more difficult to comprehend 
the interrelation of a motor, a hydrodynamic gear and the 
machinery of a car, than to understand power transmission by 
means of a mechanical shifting gear. Perhaps the reason for 
this difficulty is that the hydrodynamic power transmission, 
which certainly will conquer a great field of motor drive, is 
being introduced only slowly into automotive engineering. 
It may be pointed out that, in this paper, the designation 
“hydrodynamic” power transmission will be used and not the 
other one, “hydraulic” transmission, because all fluid gears 
working by means of static fluid pressure like piston pumps 
will not be treated but only those which operate by dynamic 
action like turbines or centrifugal pumps. It is the dynamics 


{This paper was presented at the World Automotive Engineering Con- 


gress of the Society, New York, N. Y., May 22, 1939.] 

* Now Professor of Hydraulic Engineering at the Technical University 
of Berlin-Charlottenburg; “years ago the author had the privilege of co- 
operating with Dr. Fdottinger. 
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only and, therefore, cannot take differences in 
torque is called a “hydraulic coupling.” Consider- 
able data explaining the basic operating principles 
of various combinations of these hydrodynamic 
gears and mechanical gears are presented. 


There are several reasons for the fact that auto- 
motive engineers have been comparatively hesi- 
tant to introduce the hydrodynamic gear into auto- 
motive engineering, the author concludes. Its 
characteristics are not as easy to understand as is 
the case with mechanical gears and, for motor 
drive, it will be necessary to develop special types 
for quantity production when proper and suffi- 
cient experience has been obtained. In so doing. 
the author predicts that many an advantage for 
their layout will turn up, and the overall economy 
will be increased still more. 


of turbines and centrifugal pumps which has to be understood 
when the action of a hydrodynamic gear is to be explained. 


Origin of Hydrodynamic Transmission 


All modern hydrodynamic gears originate from the inven- 
tion of Dr. Herrmann Fottinger’ more than 30 years ago. He 
perceived that, by a concentric arrangement of turbine and 
pump wheels, wherein the fluid circulates through a closed 
vortex-ring-shaped circuit, compared with a pure combination 
of independent turbines and pumps, not only a considerable 
amount of space, weight, and friction losses in pipe lines is 
saved but that, beyond these advantages, a characteristic dif- 
ferential action becomes effective by means of which just those 
losses which are the greatest in turbo machines, namely the 
ones generated by conversion of kinetic energy into pressure 
energy, are avoided completely. Furthermore, Fottinger per- 
ceived that, in a hydrodynamic gear, torque conversion is 
possible only if at least one fixed guide apparatus exists in the 
circuit between the revolving blade rows. This guide appa- 
ratus has to take the reaction against the difference of the 
primary and secondary torque and to transfer it to the founda- 
tions of the gear. Finally he perceived that an arrangement 
of only revolving blade wheels, one series of which is con- 
nected to the primary and the other to the secondary shaft, 
works as a slip-coupling, and that the slip can be reduced to 
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Fig. |-Hydrodynamic coupling with symmetrical runners 


and radial blades 


a very small figure by giving the primary and secondary 
wheels proper dimensions. 

In the following treatise, a hydrodynamic gear which can 
take differences of torque between the primary and secondary 
shaft and which consequently is furnished with one or more 
fixed blade rows, will be called a “hydrodynamic torque con- 
verter’; but such a gear, which consists of revolving blade 
rows only, and therefore cannot take differences of torque, 
will be called a “hydrodynamic coupling.” 


Properties of a Hydrodynamic Coupling 


Fig. 1 shows schematically the hydrodynamic coupling; it 
consists of a pump and a turbine working together in a closed 
circuit. The pump driven by the motor, by means of the 
primary shaft, sends the working liquid immediately into the 
turbine connected to the secondary shaft, and the turbine 
issues it back to the pump. Under steady running conditions 
the primary torque 7, equals exactly the secondary T,. Be- 
tween the primary angular speed w, and the secondary angu- 
lar speed @, or between the numbers of revolutions n, and n, 
of the primary and secondary shaft respectively, there exists a 
slip s, which increases in a definite way with the ratio of the 
transmitted torque and the seize of the gear. 

That means: 





T,=T, =1 1 
Wp hae 
s = ———— (100%) = - (100%) 2 
w, ny 
The efficiency is: 
T w sg Neg 
n= —— (100%) = —* (100%) = —* (100%) (3) 
T wp ee ms 


and consequently: 
s = (100 — )% 4) 

The loss of power in the coupling is: 

T (wp — ws): 
it is converted into heat. 

Thus, a hydrodynamic coupling, with respect to torque 
transmission, loss of power, and heat generation, is just like a 
friction clutch, the surfaces of which are sliding on each other. 
But there exists a fundamental difference between both types 
of slip couplings because, with the hydrodynamic coupling 
there is an exact relation between its seize, the transmitted 
power, the number of primary revolutions, and the slip. Such 
a relation does not hold with a friction clutch since the co- 
efficient of friction is variable. Therefore, a steady state of 
operation, which with a hydrodynamic coupling results from 
the given conditions of torque and speed in an absolutely 
definite way, is not possible with a sliding friction clutch, 
without regard to the fact that a permanent operation with 


a sliding friction clutch would generate rapid tear and 
destruction. 

A hydrodynamic coupling follows the general laws of simi- 
larity valid for turbo machines. The torque transmitted with 
a given slip varies with the 2nd power of the number of 
revolutions and, on the other hand, with the 5th power of the 
linear dimensions, and, consequently, the transmitted power 
varies with the 3d power of the number of revolutions and 
the 5th power of the linear dimensions. 


T, fa T, =}. nN»? - Ds 5 

N, = '- n,*- D® 6 
The coefficients A and 4’ with a given type of hydrodynamic 
coupling vary with the slip 


nN = f(s) - \’ = d(s 7 


For the common type of a hydrodynamic clutch which con 
sists of two identical radially bladed runners, the coefficient 4 
is dependent on the slip in a way shown graphically by Fig. 2, 
where A is plotted against s according to experimental results. 
For applying these or similar results to given conditions, it is 
better to use a graph like Fig. 3 where, for several numbers 
of primary revolutions which are to be constant, the torque is 
plotted against the number of secondary revolutions. One of 
the curves in Fig. 3 being known, all others can be computed 
by means of Equations (5) and (6). The same equations can 
be used in order to calculate the corresponding curves for a 
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Fig. 3-—Torque characteristics of a hydrodynamic coupling 
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larger or smaller coupling of geometrical similarity. Fig. 4 
shows such curves for the coupling shown in Fig. 3; the 
torque again is plotted against the number of secondary revo 
lutions, but the number of primary revolutions is kept con 
stant and the diameter varied. 

The equations and plots show the following: 

1. The number of primary revolutions being constant, the 
torque increases with increasing slip at first rapidly, after 
wards at a slower rate. It reaches its maximum with a slip 
of 100%. 

2. Any torque can be transmitted with a slip as small as 
desired and, therefore, with an efficiency as high as desired 
provided the coupling is made large enough., For, if th 
torque to be transmitted with a given number of revolutions 
be known, a certain allowance is made for the slip and, con 
sequently, with a chosen type of coupling, the coefficient A in 
Equation (5) is determined, the diameter of the coupling can 
be obtained from Equation (5). 

The second rule is especially important since it shows that, 
with any type of coupling, no matter what profile of runners 
or form of blades is chosen, it is always possible to meet given 
conditions of torque, number of revolutions, and slip. But it 
is clear that the seize of the coupling under the just-mentioned 
conditions depends on the form of runners and blades. Any 
combination of primary and secondary runners has a coupling 
effect, but each combination requires, for a given torque, 
number of revolutions, and slip, a different seize. Also the 
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Fig. 5-Torque with different primary revolutions of the 
coupling and torque balancing the drag versus secondary 
revolutions 
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Fig. 6—Slips for different driving conditions 


form of the plots corresponding to Figs. 2, 3, and 4 depends 
on the type of runners and blades assembled together in 
coupling circuit. 


Hydrodynamic Coupling with Mechanical Gear 


Since the hydrodynamic coupling does not, in any way, 
convert the torque, it must, when used for motor-car drive, be 
combined with a mechanical shifting gear. To explain the 
working conditions of such a combination let us consider 
Fig. 5. This graph shows each magnitude in percentage of its 
value at the required maximum speed and is plotted against 
the number of secondary revolutions of the coupling. Fig. 5 
contains: 

1. Curves ot the torque which has to be available on the 
secondary shaft of the coupling to balance the drag of the car, 
with an allowance for mechanical losses caused by the driving 
elements between the road and the secondary shaft. Four 
such curves are drawn, namely, for driving both on a level 
road and a 5“ grade, and under both conditions for use of 
the 3d and the 4th position of the mechanical gear, respectively 
(thick full lines). With direct drive (4th position of the 
mechanical gear), the torque to be delivered by the motor and 
to be transmitted by the coupling are higher than with any 
other position of the mechanical gear. 

2. Curves of the torque which, according to the seize of the 
coupling and the number of primary revolutions, actually is 
available on the secondary shaft (thin full lines). 

3. The speeds of the car which correspond to the number 
of revolutions of the secondary shaft (dotted straight lines). 
Two lines are drawn: one corresponding to the 3d, another to 
the 4th position of the mechanical gear. 

On Fig. 5 the thin full lines representing the torque of the 
coupling are the same as the curves of Fig. 3, but the coupling 
is assumed to be big enough to transmit all torques with small 
slip and high efficiency. Therefore, on Fig. 5 there appear 
only the ends of the curves at the right-hand side of Fig. 3. 
It has been found by experience that the seize of such a 
coupling is about the same as that of a motor flywheel, the 
motor being connected with the shifting gear by means of a 
mechanical clutch. The moment of inertia of a hydrodynamic 
coupling is sufficient and can replace that of the common 
flywheel of the motor. 

The intersection points of the curves 1 and 2 determine the 
operating conditions of the coupling, that is, the torque and 
the number of primary revolutions necessary for transmitting 
the torque. Now both the secondary and the primary number 
of revolutions being known, slip and efficiency of the coupling 
can be computed. On Fig. 6 the slip is plotted against speed 
for the same four driving conditions for which the four thick 
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full lines are drawn on Fig. 5. Further, if it is known how 
the torque developed by the motor and its fuel consumption 
vary with its number of revolutions and with the different 
positions of the accelerator, it is possible to find out the econ- 
omy for different speeds of the car with different positions of 
the mechanical gear and for driving on level road or on 
different grades. 

Fig. 6 shows that, with a constant position of the gearshift, 
the slip of the coupling slowly increases as the speed decreases. 
This action results because the drag of the car, and conse- 
quently the torque required on the secondary shaft of the 
coupling, decreases in a smaller degree with decreasing speed 
of the secondary shaft than do those torques which the coup- 
ling is able to transmit with a constant slip. This difference 
between the necessary torque and that transmitted with con- 
stant slip is the greater the more that part of the drag which 
does not depend on speed prevails against that which varies 
with speed. This condition occurs very obviously while driv- 
ing up hill. 

The fuel consumption of the motor is sometimes a little 
higher, sometimes a little lower than for the same car with a 
mechanical coupling. The reason is because, on the one hand, 
a certain slip means a corresponding loss of power; on the 
other hand, the specific fuel consumption of the motor may 
be improved if the same torque is developed with a higher 
speed. But these results are theoretical as far as permanent 
driving with constant speed is concerned. The actual fuel 
consumption with practical driving, changing in speed and 
power, turns out in favor of the hydrodynamic coupling in 
comparison with a mechanical one. 


Hydrodynamic Torque Converter 


A hydrodynamic torque converter in its simplest form con- 
sists of a centrifugal pump connected with the primary shaft, 
a turbine connected with the secondary shaft, and a guide 
apparatus fixed in the casing (see Fig. 7). Fundamentally, it 
does not matter where the guide apparatus is situated in the 
circuit. Primary and secondary runners and guide apparatus 
may be single or multistaged. In case they are multistaged, 
a stage of a primary runner must be followed by a stage of a 
secondary runner or of a guide apparatus. 

Between the different torques there exists the relation: 

T, =Tp+T, (8) 
= torque on the secondary shaft. 


= torque on the primary shaft. 


SA 
ass 
uf 


T, = torque on the fixed guide apparatus and brought down to 
the foundation. 

The most essential attribute of a torque converter, which 
is also the most important one regarding motor-car driving, is 
that, with constant primary torque T,, the secondary torque 
T, may change within wide limits. Typical characteristics of 
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Fig. 7-—Hydrodynamic torque converter consisting of pump, 
turbine, and stationary guide wheel 


such a torque converter are shown in Fig. 8. It is drawn for 
a constant primary speed, and the primary torque absorbed 
by the converter is assumed to be not depending on the 
secondary speed. This is very often the case with torque 
converters, although this property can be influenced wilfully 
by designing the bladed systems of the runners and the guide 
apparatus, for instance, so that the primary torque (the pri- 
mary speed being constant) increases when the secondary 
speed approaches zero. In any case, with the secondary speed 
zero, the secondary torque has its maximum, which we may 
call “starting torque” (7); it decreases uniformly towards 
zero. This point being reached, the secondary shaft is run- 
ning idle. Between these limits the efficiency varies similarly 
to a parabola having its maximum with a secondary speed 
which is about half the idling speed. 

Referring to Fig. 8, a certain type of torque converter has 
the following characteristics: 

1. Speed ratio with best efficiency 

2. Best efficiency 


Np 
tops = | — 
Nes opt 
( a ) ( * ) 7 
in ee Eee 
Tp Np Jt =topt Re Ft™ tent %en 




















400 
Tp 
LP 75 
So 
25 
Jo too 150 200 250—= %Secondary revs 








Fig. 8-Characteristics of a torque converter for constant 
primary revolutions 


3. Torque ratio with best efficiency 
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4. Ratio of secondary starting torque and secondary torque 
with best efficiency: 


opt 
5- Ratio of secondary starting torque and primary torque 
Te 
T, 


6. Ratio of secondary idling speed "*, and secondary speed 
with best efficiency 


All these magnitudes depend on the forms of the profiles of 
the runners, on the bladings of the blade rows, and on the 
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Fig. 9— Secondary torques 7's, primary torques Tp, and lines 
of constant speed ratio versus secondary speed 


numbers of stages of the primary and secondary runners and 
of the guide apparatus. Fig. 8 is characterized by the follow- 
ing values: 


lopp = 2.5 5 Nope = 0.89 
T, : 1 x 
= 2.125 ; = 2.5 9) 
F Vamins 1 
=i, 
ee. il 
ic 5.3 = 2.27 
I's Nn 
lopt 2.5 is often chosen for torque converters for motor 


cars. The other magnitudes are about the best ones which, ac- 
cording to publications, have been obtained or are obtainable. 

To understand further the operating properties of torque 
converters, it is necessary to know how torque and power vary 
with the primary speed —this value being constant in each 
case —and with the seize of the converter. To obtain such 
understanding we use again the laws of similarity holding 
good also for converters. 

Hydrodynamically similar operation, of course, is only pos- 
sible with geometrically similar torque converters of different 
seizes. Geometrical similarity existing, the hydrodynamic con- 
ditions are similar provided that the ratio of primary and 
secondary speed is the same. In this case, torque ratio and 
efhciency are the same, too. 

In other words, torque ratio and efficiency depend only on 
speed ratio. 

Now the laws of similarity state: 

Speed ratio remaining constant, the primary and secondary 
torque increase with the 2nd power of the primary or sec- 
ondary speed and with the 5th power of the linear dimensions 
and, consequently, the power with the 3d power of secondary 
or primary speed and the 5th power of the linear dimensions. 
Therefore, taking the primary speed 7,, and a certain diam- 
eter D into the formula we obtain: 


T, =r» 2, BD (10) 
T, =r. ° nN, D® (11) 
Ny = WX'p° n,* - D (12) 
N, = WV, -n,*: D® (13) 


The formulas look exactly like Equations (5) and (6) valid 
for the coupling and just as A and 4’ with hydrodynamic 
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couplings of a certain type are functions of the slip s (see 
Equation (7)); with torque converters of the same type, A 
and i’ depend on the ratio of primary and secondary speed, 
although A, and i’, often depend only slightly, or even not at 
all, on the speed ratio. 


Ap = folt) 5 Ay =Sfelt) 5 ’p = Spt) 3 N'n = Galt 14) 
where 
Np 
a 
Ns 
is the speed ratio generally. 

These laws are represented graphically in Figs. 9 and 1o. 
In Fig. 9 the primary and secondary torques of a given torque 
converter are plotted against the secondary speed for a certain 
number of primary speeds, these speeds being constant in each 
single case. If one of these curves is known, all others of the 
same meaning respectively can be computed by means of 
Equations (10) to (13) in which D has to be kept constant. 
Further, in Fig. 9, curves of constant speed ratios are drawn 
(dotted lines) which are also curves of constant efficiency. 
Fig. 9 may be replaced by Fig. 10, in which the torque ratio 

Z's Xz a 
: aS M1 15) 


F 


(from Equations (10) and (11)) 


and the efficiency 4 is plotted against the reciprocal of the 
speed ratio 7, namely against 


Ns 1 


Np i 


Fig. ro is valid for each torque converter of a given type no 
matter what its dimensions. 


Converter between Motor and Rear-Axle Gear 

Now we will study how a torque converter of a given type 
fits in the motor-car drive when it is interposed between the 
motor and the rear-axle gear, that is, when neither a clutch 
nor a mechanical shifting gear is installed additionally. The 
method of studying this question is exactly the same as ex- 
plained previously with the coupling. In Fig. 11 which, like 
Fig. 5, contains the secondary torques available with several 
constant primary speeds on the secondary shaft and, plotted 
against the secondary speeds, we draw the same curves of 
torques required to balance the drag as in Fig. 3. The inter- 
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Fig. 11 -—Secondary torque of the converter with different 
primary revolutions and torque balancing the drag versus 
secondary revolutions 


section points of both kinds of torque lines determine the 
operating conditions of the torque converter, that is, the 
primary speed n, and the speed ratio i which are necessary 
for developing the secondary torque and, further, the efh- 
ciency of the converter. After that, Fig. 10 gives the torque 
ratio and, consequently, since the secondary torque is known, 
also the primary torque. Finally, the operating conditions of 
the motor, that is, its speed and torque, are known. 

But here a fundamental distinction between torque con 
verter and coupling will be found. With a given position of 
the accelerator, a motor combined with a hydrodynamic coup 
ling has to develop the torque required on the secondary shaft 
because the coupling does not alter the torque. Therefore and 
since the torque absorbed on the primary shaft and trans- 
mitted to the secondary shaft by the coupling depends both 
on the primary speed and the slip, the primary speed adjusts 
itself to the proper value so that the motor can develop the 
torque and the coupling can transmit it. On the contrary the 
torque on the primary shaft of a torque converter depends, 
within wide limits, only on the primary speed and not on 
the speed ratio z (which here takes the place of the slip s). 
Therefore, the primary torque with a given torque converter 
varies with the 2nd power of the primary speed, but in a 
degree which still depends on the seize of the converter (see 
Equations (10) to (13)). This torque must equal the motor 
torque and, by this principle, the motor speed is determined 
if the motor is connected with a torque converter of a given 
type and a certain seize and the accelerator is given a certain 
position. The maximum speed that the motor can run de- 
pends on its torque-speed characteristics for full-gasoline posi 
tion of the accelerator, and on the seize of the torque con 
verter. Fig. 12 illustrates these conditions, where is plotted 
against the primary speed (which is also the speed of the 
motor) the torque of the motor developed with full-gasoline 
position of the accelerator (thick full line); the form of this 
curve meets results of average experience with motors. In 
addition a curve representing the power of the motor is drawn 
(dotted line), the maximum of which lies at a speed lower 
than the maximum speed. Further a number of curves of 
torques absorbed by the converter on the primary shaft are 
plotted, each curve belonging to a converter of the same type 
but of different seize. These curves (thin full lines) are 
parabolas of the second order (see Equation (10)). That 
torque converter which permits the motor to run with maxi 

2It is obvious that, in connection with a diesel engine which has rather 
constant torque regardless of the speed, there is no augmentation of the 


starting torque by enlargement of the torque converter but only a reduction 
of the secondary speed range. 











Fig. 12 - Characteristics of motor and torque converters 


mum power is taken as unity of seize. The intersection points 
of the lines of primary torque with the line of motor torque 
determine the motor speed. 

This result is somewhat different if the primary torque of 
the converter is not exactly uninfluenced by the speed ratio 2. 
sut generally this influence is so little that we may take the 
foregoing result as a general one. It means that the speed of 
a motor connected with a torque converter is determined by 
the position of the accelerator without regard to what torque 
is required on the secondary shaft. On this shaft the torque 
necessary to drive the car adjusts itself automatically within 
that speed range within which the torque converter can de 
liver secondary torque on the whole. This range extends 
from the secondary speed zero until the idling speed which is 
higher, the higher the primary speed, because there is, for a 
given type of torque converter, a fixed ratio of the secondary 
idling speed and the primary speed, without regard to the 
dimensions of the converter. On the other hand also, a fixed 
ratio of the secondary starting torque and the primary or 
motor torque exists. Therefore, if the torque characteristics 
of the motor show increasing torque with decreasing speed, 
this circumstance can be used to augment the secondary start 
ing torque but only by enlarging the seize of the torque con 
verter and, at the same time, by reducing the secondary speed 
range of the converter.” 

These conditions can be influenced by altering the rear-axle 
speed ratio. This ratio is known for mechanically geared 
motor cars, and this influence does not differ with the torque 
converter. A high-speed ratio of the rear-axle gear gives a 
high starting torque but a low maximum speed and vice versa. 
It would exceed the scope of this paper to discuss all details 
which are of interest in the problem of motor-car drive by 
means of a single torque converter inserted between the motor 
and the rear-axle gear but, in most cases, it would be found 
that such an installation, although it would be very simple in 
design and operation, cannot satisfy the requirements of maxi- 
mum speed, starting torque, and general economy to be met 
with modern cars. 


Torque Converter with Mechanical Gears 


The foregoing explanations mean that generally a torque 
converter for motor-car drive must be combined with other 
elements which make it possible either to locate its secondary 
torque characteristics into different partial speed ranges of the 
car, or to restrict its operation to a certain speed range, that is, 
to eliminate it for the other speed ranges and to replace it 
within these speed ranges by another element. The first sug 
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gestion leads to inserting mechanical shifting gears either 
between motor and torque converter or between torque con- 
verter and rear-axle gear; the second suggestion will be ex 
plained later. 

There is a fundamental difference whether a mechanical 
gear is arranged between motor and converter (that means 
before the converter) or between converter and rear-axle gear 
(that means behind the converter). Inserting a gear behind 
the converter does not influence the motor or, in other words, 
the relationship between motor and torque converter. With 
all gears arranged behind the torque converter and with all 
shifting positions, the motor runs, with a given position of the 
accelerator, at the same speed. But, of course, the curve of 
secondary torque belonging to the primary speed is changed 
by different mechanical gears or shifting positions into differ- 
ent torque curves on the driveshaft of the rear-axle gear. This 
is the same condition as with each kind of geared motor-car 
drive. 

On the other hand, a gear arranged between motor and 
converter influences the operation of both. The reason is that 
the primary torque absorbed by a torque converter varies with 
the square of the primary speed, and the torque developed by 
a motor depends on its speed after any other law. Inserting a 
gear with a speed ratio 1:X before a torque converter of the 
diameter D = 1 has, as far as the speed of the motor is con 
cerned, the same effect as enlarging the converter by the 
ratio 1:4/X*. But, on the secondary shaft, these two different 
arrangements have fundamentally different effects because the 
primary speed of the converter is different in both cases and, 
therefore, the curve of the secondary torque has a different 
situation and speed range. These conditions depend very 
much on the torque-speed characteristics of the motor and on 
the chosen seize of the torque converter. In most cases, the 
only advantage of inserting a gear between motor and con 
verter is to reduce the dimensions and weight of the converter 
by increasing its speed. The gear to be inserted, in such cases, 
should be provided with a speed ratio such that the motor 
with full gasoline runs at its speed of maximum power. 

To show an example of a combination of a hydrodynamic 
torque converter with a mechanical gear, Fig. 13 may be 
considered. It represents the traction characteristics of the 
following combination: The motor has torque characteristics 
of the kind represented in Fig. 12; the torque converter has 
the characteristics of Fig. 10; the mechanical gear is three- 
staged with the speed ratios 4.5:1; 2.8:1; and 1:1; the speed 
ratio of the rear axle gear is 1.53:1. These speed ratios and 
the seize of the converter are chosen in order to obtain the 
maximum speed with direct drive of the shifting gear and 
with maximum efficiency of the converter. The maximum 
speed is determined by the intersection point of the drag-line 
and the last part of the traction line. Such a combination 
would be a practical solution, provided the loss in the torque 
converter would be considered to be of no importance, and 
the advantages obtained by inserting a non-rigid element be- 
tween the motor and the other parts of the machinery would 
be appreciated highly enough. 

But, generally, the economy of such a combination will not 
be good enough. Therefore it only remains to proceed to the 
second suggestion mentioned earlier —to use the torque con- 
verter only for starting and accelerating conditions and tempo 
rarily when driving on a grade and to eliminate its operation 
within the other speed ranges. 

This idea can be carried out in two different ways. One is 
to connect the primary and secondary shaft by means of a 
mechanical clutch (for instance a friction clutch). This is 
done in the Lysholm-Smith gear. Here a double friction 
clutch connects for the start and, for the low-speed ranges, 
the motor and the hollow shaft of the primary runner of the 
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torque converter. The secondary runner drives through an 
other hollow shaft and, by means of free-wheeling, the sec 
ondary shaft. But this secondary shaft is lengthened through 
both the hollow shaft of the secondary runner and that of the 
primary runner up to the clutch, so that, for the higher-speed 
ranges, it can be connected with the motor shaft directly and 
rigidly. When this is the case, both the primary wheel and 
the secondary runners come to rest. The secondary runner is 
a three-staged turbine with two guide vane rows interposed. 
This arrangement makes the efficiency curve of the trans 
former remarkably flat and the maximum efficiency high. 
This characteristic is necessary because the converter is used 
during relatively long periods. The Lysholm-Smith gear 
facilitates shifting considerably, which is very convenient 
especially for bus drive in thick city traffic. 

Still better overall efficiency is obtained by the Rieseler gear 
which adds to the elements of torque converter and clutch a 
two-staged sun gear and a brake for fixing the guide appa 
ratus in case the converter is working whereas, on the other 
hand, this element rotates together with the whole converter 
for higher-speed ranges. 


Hydrodynamic Change Gear 


Instead of the foregoing combinations of half-hydrodynamic, 
half-mechanical character, or instead of a two or more staged 
purely mechanical power transmission, it suggests itself to 
arrange two or more stages of purely hydrodynamic transmis 
sion. This leads to a hydrodynamic change gear, which funda 
mentally can consist of a certain number of torque converters 
and couplings, for instance, of one hydrodynamic torque con- 
verter for the start and the lowest speed range, another one 
for a higher speed range, and a hydrodynamic coupling for 
the highest speed range. Also, other combinations may be 
thought of and have been worked out, especially for railway 
cars, connected with mechanical gears of different speed ratios 
for the different stages-of the hydrodynamic device. 

Each purely hydrodynamic change gear can be worked out 
—apart from some other less-important possibilities — in three 
different ways: 

1. By providing a special circuit for each stage and keeping 
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Fig. 13-Traction line of a torque converter with three- 
staged gear 
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Fig. 14-— Two-circuit gear 


just that circuit which is required in operation, and by taking 
the other ones out of operation. This operation can be effected 
by filling and emptying, or by mechanically connecting and 
disconnecting. 

2. By arranging within one permanently filled circuit as 
many blade rows as are needed to obtain several hydrody- 
namic gears by exchanging the working conditions of the 
blade rows, that is, by making them work alternately as 
primary or secondary runners, fixed guide apparatus, or even 
idling runners. 

3. By combining both working processes so that, for in- 
stance, one circuit stays permanently filled and works after the 
processes described in Paragraph 2, besides having one or 
more other circuits filled and emptied or connected and dis- 
connected. 


Arranging a great number of stages in a hydrodynamic 
power transmission is required only with railway cars, loco- 
motives, heavy cars for military service, and so on. With 
passenger carriages and trucks it is generally enough to ar- 
range only a torque converter and a coupling, that is, a two- 
staged hydrodynamic change gear. Such a gear having two 
separated circuits is shown on Fig. 14, which is self- 
explanatory. 

With such a combination it is obvious that the range of 
operation of the torque converter must cover the start and low 
speeds on level road and on all grades, and that the coupling 
has to corne into operation when driving with higher speeds 
on level road and on slight grades. Therefore, dimensions 
and blading have to be chosen in such a way that the con- 
verter develops a starting torque as high as possible and, at 
the same time, covers a speed range not too small, and that 
the coupling transmits the maximum power with as little slip 
as possible. If converter and coupling are arranged in two 
separated circuits, one has to make use of the explanations in 
the sections headed “Hydrodynamic Torque Converter” and 
“Converter between Motor and Rear-Axle Gear,” in order to 
obtain proper dimensions. The best shape of the coupling is 
in this case that with syrametrical runners and radial blades 
mentioned under headings, “Properties of Hydrodynamic 
Coupling” and “Hydrodynamic Coupling with Mechanical 
Gear.” 

But one doubts whether it ever will be possible to drive a 
passenger car, a bus, or truck with such a two-circuit gear, 
the operation of which has to be adjusted by filling and 
emptying the circuits. The devices necessary for that purpose, 
such as pumps, valves, pipe connections and so on, would 
generally turn out to be extremely extensive without insuring 


an operation quick enough for common trafic conditions on 
the road, in the city, or elsewhere. They are good enough for 
railway cars, locomotives and, eventually, for heavy motor 
trucks. For, with these machines, the change from torque 
converter to coupling or vice versa has not to meet variable 
traffic conditions but is facilitated because, by a certain time 
table, it is always known at what time the change has to be 
made. 


Hydrodynamic Single-Circuit Change Gear 
The difficulties just mentioned are avoided entirely by 
arranging a certain number of blade rows within one single 
circuit and by choosing their blade forms and dimensions in 
such a manner that the circuit, by exchanging the rdles of the 
blade rows, operates in different ways, for instance, as a torque 
converter of different speed ratios and speed ranges, or even 


once as a torque converter, the other time as a coupling. The 
single circuit stays permanently filled; only for the make up 


of its leakages is a little pump required which, at the same 
time, forces the oil through a cooler. This very general prin 
ciple may be explained better by the example of the com 
bination of a torque converter and a coupling within one 
single circuit. This combination is worked out, for instance, 
by arranging within the circuit a guide apparatus, which 
alternately is fixed to the casing when torque conversion is 
required and to the secondary shaft when coupling operation 
is desired. 

It has been emphasized previously that any combination of 
runners in one closed circuit, however they may be formed or 
bladed, can be used as a hydrodynamic coupling. For the 
example of the combination of two symmetrical radially 
bladed runners the torque characteristics are given in Figs. 2 
and 3. But such characteristics would be no good for the 
purpose that we now have in mind and, on the other hand, 
it is not at all possible to have runners with radial blades in 
a circuit, which at times has to operate as a torque converter. 
Now detailed calculation and consistent experiments have 
indicated forms of runners and blades which fit both torque 
converting and coupling conditions at the same time and 
which, especially for coupling conditions, give muci: better 
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Fig. 16—Traction characteristics of a single-circuit change 
gear with full gasoline 


characteristics than does the form of symmetrical radially 
bladed runners. 

Fig. 15 shows the characteristics of a single-circuit change- 
gear designed after the new principle just described. It is 
valid for any seize of the gear and any constant primary 
speed. The starting torque T,; of the gear when operating as 
converter is a few per cent lower than that of a pure con- 
verter. The primary torque absorbed by the gear when work- 
ing as a converter is not dependent on the secondary speed. 
The torque transmitted by the gear when working as a coup- 
ling begins at the secondary speed zero with the same magni- 
tude as it does under torque-converting conditions. This is 
fundamentally the case no matter which forms of blade rows 
are used. It is again the same when the secondary torque of the 
converter, because of increasing secondary speed, has become 
equal to the primary torque. At this point the guide appa- 
ratus has to change from its position fixed to the casing to its 
situation fixed to the secondary shaft. From now on the 
circuit operates as a coupling, the torque of which increases 
first and falls down to zero at the speed ratio 1:1, that is, 
zero slip. 

The seize of this change gear has to be determined in such 
a way that we get, on one hand, sufficient starting torque and, 
on the other hand, a small slip (3 to 5%) with maximum 
speed. The change from converter to coupling operation has 
to be executed with each position of the accelerator at the 
moment the speed ratio i = n,/n, has attained the same 
value. Then the coupling comes in operation always with the 
same slip, which decreases with increasing speed. The trac- 
tion characteristics depend, besides on the torque characteris- 
tics of the gear, on the seize of the same and that of the 
motor, and on the torque characteristics of the motor. Fig. 16 
shows such traction characteristics for a motor working with 
full gasoline. The motor is assumed to have the same torque 
characteristics as represented by Fig. 12. This figure shows 
also the efficiency of converter and coupling. Change from 
converter to coupling takes place at a speed of about 47% of 
the maximum speed. With other positions of the accelerator 
this shifting happens at lower speeds. A dotted line (parabola 
of second order) indicates torques and speeds respectively of 
that driving state where the guide apparatus of the gear has 
to be released from its fixed position. Also, the line of the 
drag for driving on level road is drawn in Fig. 16. The dif- 
ference between the traction and the drag line shows how 
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much traction power is available for accelerating the car. The 
intersection point of the drag line and the line of gear change 
makes it clear that steady drive with the gear in coupling 


position is possible with all speeds above 22% of the maxi- 
mum speed. 


Automatically Shifting Single-Circuit Gear 


Now we will discuss how to shift the guide apparatus of 
the single-circuit gear from its position fixed to the casing into 
one where it is connected with the secondary shaft. Besides 
all other means by which this shifting can be executed and 
which do not differ from very well known possibilities as, for 
instance, shifting by hand or by the action of centrifugal 
power, which are not in all regards satisfactory, there is a 
special method for the single-circuit gear, which just meets the 
requirements of motor drive. The guide apparatus of this 
gear can be so placed within the different blade rows and can 
have such forms of blades that, in the moment when the 
secondary torque approaches with increasing secondary speed 
the primary torque and after that just equals it, the apparatus 
begins to rotate in the same sense as do the primary and 
the secondary runners, and finally leans upon the secondary 
runner. By means of two free-wheeling devices, the guide ap- 
paratus is given the possibility either to outrun the secondary 
rotating part until leaning upon it or to slow down until 
leaning upon the casing. This operation takes place without 
any additional auxiliary machinery only in consequence of 
that state of the gear which is characterized by the equality 
of the primary and secondary torque. Moreover, this auto- 
matic operation is not influenced by the position of the accel- 
erator, on the contrary, it takes place at the proper moment 
no matter how the motor is loaded. The gear changes auto- 
matically from converter to coupling or vice versa, according 
to the secondary torque required to balance the drag. In other 
words, every time when the torque of the motor is enough to 
drive the car, the gear passes automatically over to coupling 
operation and vice versa when the drag surpasses the magni- 
tude which can be balanced by the torque of the motor, the 
gear is shifted by itself into torque-converter operation. This 
property of the automatically shifting hydrodynamic change 






































Fig. 17 — Automatically shifting single-circuit gear 
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gear is not only just what motor driving requires and gives 
the driver a high degree of security, but raises also the econ- 
omy because any interruption of the power of traction is 
avoided and the change always takes place in the most favor- 
able moment. This action, in most cases, does not happen 
with other gears, neither with mechanical ones nor with two- 
circuit hydrodynamic change gears. With all these other 
gears, it demands either extreme attention of the driver to 
shift the gear at the proper moment or makes additional com- 
plex machinery necessary for automatic operation, which gen- 
erally does not work properly at each speed, but only at one 
or a few speeds. 

Fig. 17 is a schematic cross-section of an automatically shift 
ing single-circuit change gear. 


Automatically Shifting Gear with Gear Box 


In some cases it may be convenient to insert between the 
hydrodynamic circuit on the rear axle gear an additional 
mechanical gear. Fig. 18 gives the traction characteristics 
with full gasoline of such a combination. The motor has the 
same torque characteristics as shown in Fig. 12; the hydro- 
dynamic gear is of the type characterized by the torque lines 
of Fig. 15. The speed ratio of the rear axle gear is 4.3:1; the 
two stages of the mechanical gear have the speed ratios 1.4:1 
and 1:1, respectively. The car has a weight of about 1000 kg; 
the maximum power of the motor is about 30 bhp; the car 
runs a maximum speed of 100 km per hr. The mechanical 
gear is assumed to be designed in the following different 
ways: One possibility is to shift it by means of two friction 
clutches or by means of one friction clutch combined with 
free-wheeling. In these two cases the gear can be shifted 
without taking off the gasoline. The other possibility is a 
design like those which are used for overdrive and which 
require taking off the gasoline when they are to be shifted. 
Another suggestion is to combine the additional mechanical 
gear with a reverse gear which, with passenger cars, is neces 
sary anyway. 

When the mechanical gear is not used (in other words, 
when it runs with the speed ratio 1:1), the same traction line 
is obtained as in Fig. 16. This line is drawn again in Fig. 18 
and is therein designated by i x Higher start- 
ing torque and better efficiency with the lower speeds is 
obtained by throwing in the slow stage of the mechanical 
gear. In this case the gear is in converter state until up to 
about one-third of the maximum speed. The torque varies as 
indicated by the line 7'r2,,,,. At the speed just mentioned 
the hydrodynamic gear changes automatically into coupling 
operation. From now on the hydrodynamic gear stays in 
coupling operation although, when approaching 70% speed, 
one has to shift the mechanical gear into the position of direct 
drive if higher speed is desired. In this case the torques are 
indicated by the line 7+r2,,, and Tri, between 33% and 
70% and between 70% and 100% speed respectively. Still 
better overall efficiency is obtained when the mechanical gear 
is shifted twice. But this is generally not necessary. The 
additional mechanical gear is not to be considered as a normal 
shifting gear which has to be used very often, that is, in case 
of any change of the driving conditions. On the contrary, its 
action may be regarded as that of a variable ratio of the rear 
axle gear by means of which the car is adapted to the general 
conditions of road, traffic, grade, and so on, whereas the 
hydrodynamic gear, in any case, brings the torque and trac- 
tion power instantaneously to the necessary magnitudes. In 
other words, on level road and on the common grades of 
normal highways, only the direct drive of the additional gear 
is used since the acceleration power of a car fitted with a 
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Fig. 18 — Traction characteristics with full gasoline of a single- 
circuit hydrodynamic change gear combined with two-speed 
gear box 


hydrodynamic change gear is at least as high as that of a car 
fitted with purely mechanical machinery. On mountainous 
roads and in thick city traffic, the other (slow) stage of the 
mechanical gear is used. It must be emphasized that this 
shifting has to be done only by operating a lever, eventually 
with taking off the gasoline. 

Steady drive with the hydrodynamic gear operating as a 
coupling is possible from very low speeds on. (See the inter 
section points of the drag lines and the lines of gear change in 
Fig. 18.) 

Finally, Fig. 19 shows the different efficiencies for different 
states of steady and accelerated drive. The underlying idea is 
that the additional gear is supposed to be shifted in such a 
way that the best possible combination of traction lines 1s 
obtained. 


Comparison of Hydrodynamic and Mechanical 


In the following discussion only two systems of power 
transmission with motor cars will be compared —the one by 
means of a hydrodynamic automatically shifting single-circuit 
gear and the other by means of purely mechanical gears. It is 
reasonable to restrict the comparison to these two kinds of 
motor-car drive because, on one hand, only with the auto 
matically shifting hydrodynamic gear, do the advantages of 
the hydrodynamic power transmission become fully evident 
and, on the other hand, the purely mechanical system is still 
the common one of today. 


In the foregoing paragraphs the average efficiency of the 
hydrodynamic power transmission appears to be a few per 
cent less than that of the mechanical transmission and, con- 
sequently, the fuel consumption of the motor is expected to 
be a little higher with hydrodynamic transmission than with 
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a mechanical one. But this appears to be a purely theoretical 
result which only could be obtained by assuming steady speeds 
of the car in each case. But actual fuel consumption referred 
to average driving and speed conditions cannot be computed 
but only determined by experience under widely varying driv 
ing conditions. Such actual fuel consumption with mechani 
cally geared cars is well known to be always considerably 
higher than the consumption with constant speeds and gen 
erally steady driving conditions. The hydrodynamic power 
transmission, when carried out by an automatically shifting 
single-circuit gear, eliminates several causes of the difference 
between average fuel consumption and that with constant 
speeds and steady conditions, for instance, interruption of the 
power transmission by the driver when shifting the mechan 
ical gear; shifting at the wrong moment by the driver himselt 
or by means of additional auxiliary devices; trouble in the 
carburetor when the driver takes off the gas in order to shift, 
and so on. Besides all hydrodynamic gears have a certain 
free-wheeling effect; consequently gas is saved at many times. 

One may expect positively that, by these properties of the 
hydrodynamic transmission, the average fuel consumption will 
be reduced to such a degree that it at least equals the con 
sumption of the same but mechanically geared car, or even 
becomes lower. 

The expenses for the fluid filling the hydrodynamic gears, 
which generally can be a thin mineral oil, are immaterial to 
the costs of hydrodynamic transmission. But the overall econ 
omy does not only depend on fuel or oil consumption, but 
also on the first costs and those of repairs. Weight and space 
required for an automatically shifting hydrodynamic gear at 
least are no greater than those of flywheel, clutch, and gear 
box of a mechanical drive. Consequently, it may be expected 
that, with quantity production, the price of a hydrodynamic 
transmission will only be very slightly higher than that of a 
mechanical one. 

Repairs will be very little with hydrodynamic gears since 
all parts transmitting the power consist of simple well-known 
elements which are not highly stressed. Further, since a 
hydrodynamic gear smooths out the torque on the motor shaft 
and does not transmit vibrations and shocks between motor 
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Fig. 19- Efficiency of a hydrodynamic single-circuit change 
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and wheels or vice versa, the service lite of all parts 1s length- 
ened. Especially tear and consumption of tires will be reduced. 

In addition, some other remarkable advantages of the 
hydrodynamic transmission are to be mentioned. 

A motor connected by means of rigid mechanical devices 
with the rear-axle gear can be stalled in different cases, for 
instance, when starting, especially on a grade, or when driving 
with too low a gear ratio especially in curves, at cross-roads or 
on a grade, that is, when the average torque of the motor is 
not enough to balance the drag. A motor connected with a 
hydrodynamic gear cannot be stalled. For the power absorbed 
by any hydrodynamic gear decreases with decreasing primary 
speed so rapidly that, even with its lowest possible number of 
revolutions, the motor can deliver this power. This condition 
is valid also for the most extreme cases when the car suddenly 
stops at an obstacle. Even if the car should slip backwards on 
a grade, it is possible only by pressing down the accelerator to 
stop the car and to make it run up hill again. 

In such cases the automatically shifting single-circuit gear 
differs most advantageously from the two-circuit gear. Al 
though, with the two-circuit gear, the motor cannot be stalled; 
nevertheless, the car can be stopped if, at the moment of filling 
and emptying, the transmission of power is interrupted for a 
short while. 

With the hydrodynamic transmission it is possible to start 
the driving wheels of the car with the slowest speed and 
acceleration which could be desired, and it can be done only 
by pressing down the accelerator very slowly. This operation 
is very convenient, when the car has deviated from the good 
road and has got upon soft ground where the driving wheels 
do not find proper resistance and dig deeper and deeper into 
the ground. In such a case the driver of a mechanically geared 
car has great difficulty in making the friction clutch slip 
exactly to such a degree that, on one hand, the motor is not 
stalled and, on the other hand, the driving wheels do not 
rotate too fast. With a hydrodynamic gear also, an inexperi 
enced driver is able to make the wheels revolve as slowly as it 
is ever necessary. 

Generally it will be very comfortable to drive a car with the 
automatically shifting hydrodynamic gear. The driver may 
keep each toot permanently in the same position — one on the 
accelerator, the other on the brake. He may pay all his atten 
tion to the road. Thus, driving with the single-circuit gear 
will give the driver a good deal of increased security. 


Final Comment 


Che statements presented in this paper show that the hydro 
dynamic power transmission has, with motor cars, a great 
many advantages not possessed by the mechanical drive. For 
the fact that automotive engineers have been comparatively 
hesitant to introduce it into automotive engineering, there are 
several reasons. First, as already explained in the introduction 
of this paper, it is not as easy to understand the characteristics 
of hydrodynamic drive as is the case with mechanical gears. 
Further, for motor drive it was necessary to develop special 
types of hydrodynamic gears. But nowadays there is no doubt 
that, just as for mechanical gears, the quantity production of 
special types of hydrodynamic gears can be worked out. This 
development will come when proper and sufficient experience 
with hydrodynamic transmission has been obtained. Then it 
will be possible to adapt all parts of the machinery to each 
other in different ways but properly for any special require- 
ments. It may be expected also that, by so doing, many an 
advantage for the layout of the motors will turn up and, con- 
sequently, the overall economy will be increased still more. 
Reasonable cooperation among the designers of motors and 
hydrodynamic gears and of cars is necessary to attain this end. 
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The Testing of Large Aircraft 


By Edmund T. Allen* 


Consulting Aeronautical Engineer 





HE organization, training, attitude, and esprit 

of the crew are all-important for successful 
flight-testing of large aircraft, Mr. Allen shows. 
These problems, he explains, are similar to those 
involved in the functioning of a military unit or 
of a city government. Choosing the required per- 
sonnel of from 3 to 10 men fitted to their various 
duties, training and coordinating them, and build- 
ing up an efficient unit for collecting accurate 
flight-test data under conditions of hazardous op- 
eration devolves upon the chief test pilot. 


Since flight-testing involves continuously ex- 
tending the range of investigation of flight charac- 
teristics toward margins of safety, the principle of 
least hazard has been developed to guide all flight 
planning and all test operation. This least-hazard 


IZE in itself does not constitute a factor altering the 
S fundamental aerodynamic principles of stability, con- 
trollability, or performance. The size of an aircraft, 
however, does affect profoundly the testing procedure in ways 
which are as vital to the success of this engineering project as 
are the proper functioning of the instruments and the skill in 
planning the details of the test procedure. 


Part 1 


Large aircraft present problems in organization, in _per- 
sonnel attitude, and in esprit similar to those involved in the 
functioning of a military unit or of a city government. A 
small airplane can be tested safely and effectively by the 
simple processes of choosing an accurate, experienced test pilot 
who then may follow any standard flight test procedure from 
the initial familiarization hops through the recommendations 
for structural modifications to the final performance and 
acceptance flights. The risks involved in such procedures are 
easy to determine and may be kept relatively minor through- 

The testing of a large aircraft, on the other hand, pre- 
sents new aspects which require an entirely different tech- 
nique. The number of problems are increased greatly over 
those involved in testing small airplanes, and the complexity 





[This paper was presented at the World Automotive Engineering Congress 
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*Since preparation of this paper, Mr. Allen has become affiliated with 
the Boeing Aircraft Co. as chief of flight and research. 


principle guides the testing of structure and func- 
tional systems through the initial flights, stability 
tests, performance tests, and flying qualities de- 
termination. 


The high cost per minute of test flying is an- 
other factor of extreme importance brought out 
by Mr. Allen and, to keep this cost down, a de- 
tailed flight plan is followed accurately. 


Flight-testing techniques have developed se 
rapidly during the last few years, and particularly 
during the last few months, Mr. Allen qualifies, 
that any attempt to define the status of the art 
becomes obsolete at once. “It is no longer a field 
for the test pilot of movie conception; it is the 
work of the aerodynamicist.” 


of the organization of a flight-test crew is an entirely new 
factor. 

The elements which differentiate the testing of large air- 
craft from testing of small aircraft are engineering factors and, 
as such, they fall within the jurisdiction of the engineer in 
charge; they cannot be left to personnel management or to 
specialists in other fields. If the general in any military under 
taking neglects personally to supervise and plan for the esprit 
as well as the food of his men, he courts defeat. With the 
crew of a large aircraft flight test it is even more a case of 
“men versus the elements,” and the attitude and actions of 
each man determine his effectiveness or ineffectiveness in his 
contribution to the group-action. 


Importance of Economics 

The economics of a flight test is of primary importance to 
the engineer. The detailed program is planned with reference 
to cost of operation which is set up ordinarily on an hourly 
basis. This hourly cost is dependent in a large measure upon 
insurance rates which are usually more than doubled when 
the size of the aircraft is doubled. Million-dollar airplanes are 
not uncommon today, and $1000 per hr premiums are in 
order. Such figures are not only of interest to the “front 
offices”; they also vitally affect test planning. As a typical 
example, it becomes necessary to weigh the relative impor- 
tance of conducting partial tests of a functioning system when 
a complete test of the part or system cannot be done in the 
time allotted or because the test conditions are not satisfactory. 
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The high cost per minute of test flying so profoundly influ- 
ences the planning and the conduct of each flight that, very 
frequently, when a specific test flight lasting as long as an 
hour is repeated later for the purpose of rechecking the same 
test data in light of new adjustments of an aircraft part, it is 
found that the flying time for each of the repetitive test flights 
is identical, down to the minute. I have found, in examining 
records of flight time at the end of a month, that four flights 
tc determine engine cooling in ceiling climbs and high-speed 
determination with four different cowlings resulted in an 
identical elapsed time between take-off and landing, showing 
that not as much as 60 sec flight time is “wasted” in maneu- 
vering for a landing or in shifting from one set of readings to 
another. There is no “discussion” of the conduct of a flight 
test by pilots or engineers in the air; the test continues in 
strict accord with the detailed flight plan unless it becomes 
clear to the first pilot that the continuation is either uneco- 
nomical or unsafe. 

The awareness of the great responsibility of handling a 
large investment plus the responsibility for the lives of all 
aboard has an important bearing upon the manner in which 
each crew member undertakes his task, especially when he 
realizes that the flight test means subjecting the aircraft to 
increasingly severe stresses until within a narrow margin of 
the maximum that the aircraft can stand. 

Safety in flight testing of large airplanes is primarily a 
matter of planning and conscientious effort rather than of 
reliance upon the natural caution of a good test pilot as it was 
a few years ago. The first step in such planning is the careful 
choosing of the flight crew. Qualifications required of the 
first pilot are: 


Qualifications of First Pilot 


1. A pervading attitude of watchful care together with a 
clear realization that cause and effect, not fate, rule the forces 
involved in aircraft accidents. The fatalist makes a spectacular 
pilot but not one that the insurance underwriters will gamble 
on. Since their gambling in this case is ruled by the laws of 
probability so, too, the best test pilot’s actions will be guided 
by an experience and training in probable hazard choices and 
a predisposition toward the least hazardous in all the possible 
modes of accomplishing each test. 

2. The first pilot must have a nervous system trained not in 
fear-suppression nor yet one which “knows no fear,’ but 
rather one in which judgment and motor coordination are 
heightened by tight situations. 

3. A third quality desirable in a first pilot in the crew of a 
large aircraft test is that he inspire the confidence in his crew. 
The ability to transmit orders which will be followed in an 
emergency without hesitation is of great importance. The 
crew of a large aircraft is a unit whose action system, like 
that of an individual, is effective only when all parts point in 
the same direction. The ideal toward which the crew is 
trained is perfect harmony in group action without the need 
of verbal orders—a nod of the head—and each member 
(awaiting that very nod) instantly does the thing required 
to make the action and timing perfect. This result requires 
leadership that inspires rather than demands confidence. 

4. Intimate knowledge of the structure and functioning of 
the aircraft and of the technique of flight test is, of course, 
essential. Skill in obtaining optimum accuracy and an aware- 
ness of the necessary accuracy of flight testing are a part of 
this required knowledge. 


Choosing the Co-Pilot 


The choice of the co-pilot in a flight test is extremely im- 
portant. It is desirable for him to have the same four qualities 
just enumerated and, in addition, a familiarity with the de- 
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tailed systems of electrical, hydraulic, pneumatic, and mechan- 
ical actuation, so that all problems of malfunctioning can be 
referred through him to the engineer or mechanic for inspec- 
tion and adjustment. The most desirable co-pilot on a large 
aircraft test is an engineer who has grown up with the design 
and construction and installation of accessories and who 1s 
familiar with all the problems encountered and their solutions. 
It is highly desirable also for him to have a thorough famil- 
larity with the tests required and the provisions made to re- 
duce their hazards. 

In temperament he should be equable and watchful rather 
than high-strung because he will be called upon to function 
frequently as an aid in recording quantitative test information 
under very difficult conditions. One of the tests required in all 
large aircraft is diving at excessive speeds where the margins 
of knowledge of structural adequacy are extended somewhat 
empirically by trial-and-error processes. There are ways of 
accomplishing such tests in a step-by-step exploration, leaving 
always a way of retreat in case dangers arise. In the planning 
and guiding of these tests, the co-pilot is particularly useful as 
a watcher fully competent to judge the proper extent of the 
hazard. The optimum success in flight testing consists of 
never risking more than is absolutely essential at each stage, 
never taking too large a step into unknown territory. 


Qualities of Flight Engineer 

The third member of the inner group of test personnel is 
the flight engineer. Frequently on dive and stall tests of large 
aircraft a skeleton crew of these three only conducts the test. 
The qualities of the engineer that commend him to the suc- 
cess of the test are: 1. Intelligence in the operation of power- 
plants and instruments, 2. an intimate familiarity with the 
control systems and with the electrical wiring, 3. a cooperative 
personality easily welded into the common amalgam of unity 
of purpose and synchronization of action. Assistant engineers 
or mechanics are included frequently in the crew to aid in 
adjustments or observation of mechanical functioning during 
flight. The choice pf these men is best left to the flight 
engineers. 

The chief flight recorder is chosen primarily for his experi- 
ence in this particular type of engineering; a man with an 
aerodynamics background has an advantage in this work 
because recorded data in flight testing frequently are mean- 
ingless unless they are taken down at the time and under the 
conditions when all the unrecorded factors of atmosphere and 
the dynamics of motion are proper for the test. It is too 
frequently the case that flight data of an entire test are errone- 
ous and wastefully recorded because the recorder was unaware 
of, or insensitive to, aerodynamic factors, upsetting the value 
of the flight. An experienced recorder, synchronizing all 
readings and trained in cooperating with the first pilot, is 
essential both in performance testing and the determination of 
all the difficult measurements of flying qualities. 

Assistant recorders, of whom there may be many, are ordi- 
narily left to the choice and training of the chief recorder or 
aerodynamicist. Many readings can be made photographically, 
in which case exact synchronizing of photographic records 
with other records is requisite. Many readings deal with 
functioning systems outside the scope of the aerodynamicist. 
Those readings ordinarily are made by the specialist in the 
particular field, such as the sound engineer, the flutter expert, 
the hydraulic, and electrical engineers. The important point 
in all such recording is synchronization to tie the records in 
to the flight condition obtaining, which condition the special- 
ist may not be able to recognize. This is the job of the chief 
recorder who sometimes makes elaborate preparation for such 
synchronization. The bookkeeping in flight testing is one of 
the new jobs which has come into prominence with the advent 
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of large aircraft, involving the necessity for making each 
minute of this costly testing yield the maximum information. 
This bookkeeping must be done in such a manner that it: 
tr. supplies at once to the engineering department the awaited 
data for making adjustments and decisions, and 2. furnishes 
a ready reference record for comparison at any future date. 

Training of the diverse personnel in this flight group is 
undertaken along two lines: 1. a formal classroom instruction 
in the operation of the aircraft and in the elements of the test, 
and 2. rehearsals in the airplane before flight in the techniques 
involved in meeting various emergencies. A sample sequence 
for rehearsal which shows the duties of the three primary 
members of the crew in one maneuver follows: 





Take-off 
First Pilot Co-Pilot Engineer 
1. Make engine run-up 1. Check trim tabs for 1. Mixture control in 
tests. Accelerate en- “neutral.” “full-rich.” 


gines sharply to fill 2. 
carburetor accelerat- 
ing chamber. *. 


Lock water rudder 2. 
in “neutral.” 
Test flight controls 3. 


All fuel valves “on.” 


Check cowl flaps for 


(a) Control lock — full open. 
off. 4. Maximum tempera- 
(b) Automatic pilot ture before start of 
— off. take-off: 


Heads, 200 C. 
Bases, 120 C, 


4. Second officer report 5. Check oil tempera- 


inspection to Cap- ture, pressure, and 
tain—log report. fuel pressure during 
run up. 
2. Signal “ready for 5. Acknowledge “ready 6. Acknowledge “ready 
take-off.” for take-off.” for take-off.” If de- 


3. Give direction for 


lay is necessary, no- 
flap use as desired. 


tify Captain as to 
cause and extent. 


"4. Open throttles. 6. Lock throttles at 7. Check: 
take-off manifold a. Fuel pressure; op- 
pressure (42 in.). erate wobble 


. Operate flaps as di- 
rected by Captain. 


SN 


pump. Notify 
Captain if pres- 
sure drops below 
6 Ib per sq in. 

b. Oil pressure go 


+ 10 lb per sq 


in. 

c. Oil temperature 
(maximum 93 
C). 

d. Engine tempera- 
ture: head, 260 
C; base, 149 C. 
(5-min duration, 
maximum permis- 
sible.) 





In preparation for any flight test, it has been found to be 
economical and efficient to make the flight plan in consider- 
able detail and to have each member of the crew completely 
familiar with the plan prior to take-off. Opposite is shown 
a typical flight plan on a test flight of the Boeing Model 314. 


Minimum-Hazard Policy 


The minimum-hazard type of planning and execution of 
flight tests requires continual watchfulness and self-criticism 
on the part of the first pilot. It implies that, of two or more 
possible courses of action at any point, the decision always 
will be made toward the least hazardous. The other modes 
may offer other advantages, such as obtaining more test infor- 
mation or economy, speed, or ease or demonstration of the 
superior ability of the pilot and machine. But all such advan- 
tages are suppressed in the minimum-hazard course. The 
required job is done in one manner only — the safest manner. 
There is never any problem for the pilot to decide at this point. 


Frequently it is not clear just how to obtain maximum safety. 
A great deal of ingenuity is necessary in order to devise tests 
which aid in the analysis of a given danger so that the explora 
tion of the hazards involved in a particular operation of the 
airplane can be approached without exposing the crew at more 
than one vulnerable point at a time. 

Initial take-off is one such hazard with its unknowns, such 
as power-on and power-off longitudinal balance, elevator forces 
and effectiveness, unfamiliarity with the inertia-response char 
acteristics in landing, rudder control characteristics, ground or 
water-handling qualities and powerplant operating difficulties 
as affected by flight rather than ground-running. Operating 
the flight test in accordance with this minimum-hazard view- 
point, the pilot conducts a long series of partial flight runs, 
endeavoring to eliminate, one at a time, the unknown ele- 
ments. 

First of all, the powerplant and propeller operation are 
tested under static conditions. Secondly, the brakes are tested 
thoroughly at gradually increasing ground speeds and in grad- 
ually increasing decelerations. Thirdly, the ground controls 
are tested and the action of the wheels studied under the 
dynamic forces of take-off and deceleration. Fourthly, the 
three air controls, and the three types of air-borne balance and 
stability about three axes are, one by one, explored, all without 
ever getting the airplane into an attitude or position in which 
it is dangerous, should any of the controls prove to need modi 
fication. In this gradual step-by-step manner the initial flight 
can be carried out at a minimum hazard. All other tests are 
planned similarly to prevent any foreseeable mistake. It has 
been said by the aviation insurance people that 99% of all 
accidents could be prevented by foresight. It is our purpose in 


Flight Plan for Test No. 4 
Model 314 


Jan. 4, 1939. 
1:00 p.m. 


Changes since last flight 


. No. 3 wobble pump replaced; others checked. 

. Flap indicator repaired. 

. Calibrated engine-head temperature indicators on engineer’s panel. 
. Tail-wheel motor and clutch repaired. 

. Co-pilot’s brake metering valve repaired. 

. Throttle warning switch reset. 

. New throttle extensions added. 

. Replaced rear spark plugs on No. 3 engine. 


. Checked all propeller hubs for tightness; tightened two. 
. Reset all fuel pressures. 


=owno on AU hw nN 
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. No. 3 carburetor air scoop taped to cowling to prevent hot air spilling 
into intake. Hot-air control disconnected. 
12. Temporary pressure gages installed on brake line (low pressure) at 
wheels. 
Gross Weight 37,000 lb 
C.G. 27%, movable in flight to 28% and 29% 
Crew: cake ; ; 


A. Taxi Test 


1. Determine whether pressure drops to zero in low-pressure brake 
lines at wheels when pedals are released. 

2. Determine rise in brake temperatures for any given braking work 
done in accordance with outline of procedure. 


B. Take-off Measurement 


1. Determine take-off distance and wind. 
2. Determine altitude reached at 2330 feet at 1100 hp. 
3. Determine roughly rate of climb at 1100 hp. at 115 mph. 
4. Determine roughly rate of climb at 900 hp. at 115 mph. 
. Check cylinder cooling during take-off and climb. 
. Lower bomb for air-speed meter calibration. 
. Fly alongside B-10 for air-speed meter calibration. 
. Check longitudinal stability oscillations at 28% and 29% C.G. 


com 
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Hight testing to extend the range of this foresight as far as 
possible. 

Flight-testing, especially of large aircraft, tends to become 
guided by the elaboration of principles of procedure under 
conditions of hazard. There are two sets of values: least cost 
in equipment and operation and least risk of life. The co- 
ordination of these values in the guidance of practical judg- 
ments is the problem of the chief pilot or test engineer. 

The factor about flight testing that makes it unique with 
regard to the attitude of personnel is that many of its func- 
tions involve carrying the tests to a marginal point. The 
required demonstration is not a determination of the operat- 
ing efficiency and normal use, but primarily the degree of 
safety under the most unsafée* operating technique and con- 
ditions. The following tests are illustrative of this point: 

Taxiing, in which maximum safe velocity in cross winds 
and sharp turns is to be determined. 

Take-off, in which minimum distance and time for take-off 
are measured. 

Take-off test in which one outboard engine is cut out at 
shorter take-off distances until the marginal safe condition is 
established. The worst condition for safety in this test is cut- 
ting the left outboard engine with our standard torque direc- 
tion in this country. It is always with this “worst” condition 
that the test is run. 

Obstacle clearing — The flight path is measured immediately 
after take-off to determine the maximum obstacle height that 
can be cleared with all engines operating and with one or 
more cut out at various critical points. 

Landing over obstacles — The maximum height obstacle is 
determined which can be cleared at the edge of a landing area 
of given dimensions; minimum run after clearing the obstacle 
is determined. 

Diving at maximum velocity— Determined by design 
strength and flutter consideration. During these tests the 
controls are shaken to determine if flutter will develop. 

Stalling — This test is carried out under all conditions of 
power-on and power-off, and of flap angle. It is done with 
the worst possible outboard engine throttled and the other 
engines at full throttle. It is required that the stall be carried 
farther than merely the breakdown of flow over the wings. 
We are now elaborating a specification of the manner in 
which the controls must be held following the stall so as to 
see the nature of the falling flight of the airplane when no 
attempt is made in recovery until after the initial drop has 
been completed. 

Pull-outs from dives — These pull-outs frequently are car- 
ried out to determine the wing deflections under stresses near 
to the marginal yieldpoint. 

All these tests are for the purpose of proving the airplane 
under conditions of maximum punishment. 


Part 2 


Problems of analyzing the airplane itself involved in flight- 
testing large aircraft go hand-in-hand with those of personnel. 
Although these problems are relatively simple to analyze, the 
number of individual parts becomes so great that the inspec- 
tion cannot conceivably be done or even roughly checked by 
the flight-test group itself. They must rely upon the inspection 
department for this important work. There are, of course, 
many indeterminate elements in inspection just as there are in 
structural strength. For both of these, the sound judgment 
and broad experience of the inspection and structural-analysis 
groups are the pilot’s reassurance. An experienced inspector 
will approve on his own responsibility many indeterminate 
items which otherwise might lead to confusion of the flight 
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personnel. But he will have a quick eye for vital elements in 
the structure where, even though the specifications of a part 
were met, he detects a possible source of failure. 

Two classes of problems face the flight personnel at this 
point — one deals with apparatus and parts of the airplane and 
the other with functioning systems the operation of which 
depends to some extent upon the knowledge and skilful use 
of the operator. Apparatus and structural parts are studied 
with a view of planning methods of procedure in case any 
failure occurs. As the aircraft have become larger, the num- 
ber and complexity of the parts, controls, and accessories have 
become very great, and many of these parts are completely 
new and untried on each new design. It is to be expected 
that, during initial flights, a great many so-called failures will 
occur which are really merely maladjustments remediable in 
flight if there is time and if the failure has not been of too 
serious a nature. The pilot is constantly on his guard at this 
point against a combination of maladjustments or failures, no 
one of which would be serious but the combination of which 
might leave no way of escape. In the analysis of almost every 
accident, there can be traced such a combination of several 
circumstances — one alone would not have caused disaster. The 
combination was not foreseen. It is the business of flight test- 
ing to foresee all possible combinations of this kind. 


Testing Functional Systems 


Functional systems are the principal worry of flight-test 
personnel prior to the first flight. It is the exhaustive testing 
of these systems which depends primarily upon the proper 
technique of operation and which often involves the group 
action as a whole. The individualist test pilot who starts one 
of these functional systems or alters it without notifying the 
engineer and other interested crew members is very likely to 
create consternation because the rest of the crew may find 
alarming changes occurring in the engine operation, for in- 
stance, and attribute the changes to some other cause than that 
the pilot decided to set off a functioning system. If each 
member of the crew can start machinery independently, chaos 
will result, especially in the flight-test records. 

A part of the functional tests of new large aircraft is the 
layout and testing of procedure to use in case of any emer- 
gency. One example of this. kind is the fuel system which, on 
a multiengined aircraft, may become quite complex. Not only 
is its normal operation studied with care by flight personnel, 
but particularly its peculiarities in case one pump or one relief 
valve or one fuel line fails. So important are these possibilities 
at a critical point, such as take-off, that there is frequently a 
rehearsal of procedure. First, the crew must become thor- 
oughly familiar with the various forms of possible fuel-system 
failure. The symptoms and remedy are quite different for 
failures at different points in the system, and frequently the 
only way of finding out instantly which part of the system has 
failed is to try one remedy and to see what result it has. If 
the result is wrong, the remedy must be switched at once to 
the second of two rehearsed procedures. 


15 Systems on Clipper 


The following abbreviated list of the functional systems on 


the Yankee Clipper will illustrate the types of problems dealt 
with in this manner: 


. Fuel system 

. Fuel-transfer system 

. Heating system 

. Ventilating system 

. Fire-extinguishing system 
. 24-v electrical system 
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7. Oil system 

8. Hydraulic system 

g. Vacuum system 

10. Three mechanical airplane control systems, three trim- 
ming-control systems, and three servo-control systems 

11. Throttle-control system 

12. Propeller control system and separate feathering system 

13. Carburetor heater control system 

14. Mixture-control systems 

15. Propeller de-icer system 


Flight Planning Technique 


The second step in organizing flight tests of large aircraft 
is the elaboration of flight planning technique. Flight plans 
have been in general use ever since cruising technique was 
perfected. In 1934, it was demonstrated that economies could 
be effected on airlines by careful predetermination of flight 
path and power output. Later, the preparation of flight plans 
was made mandatory by the governmental regulatory bodies 
as a safety precaution. The flight plans have been used in 
flight tests for many years, but recently they have been elab- 
orated in great detail primarily as a measure of economy. As 
has been brought out before, flight-testing is enormously ex- 
pensive as compared with airline operation, principally be- 
cause insurance rates are high on the new unlicensed airplane. 
The number of men required to service, maintain, and alter 
the new airplane is out of proportion to the number required 
for any other class of service. Total test-flying costs, including 
such other major items as insurance, may run as high as $25 
per min of flying time, and thus any failure to carry the flight 
plan into enough detail to eliminate inefficiently utilized flight- 
test time, is clearly inexcusable. 

The principal problems involved in flight planning of this 
sort deal with instrument layout and weight control. Measure- 
ments to be made frequently can be consolidated so as to save 
hours of flight time. An example of this kind is the airspeed- 
meter calibration which may cost as much as $5000, at the 
rate of $25 per minute of flying. It is never planned to take 
as much as 200 min, but unforeseen events may throw out an 
entire test; or, as more frequently happens, the test must be 
repeated because the final corrected computations from the 
first calibration are seen, when put in graphical form, to vary 
too greatly from the ideal satisfactory calibration. One air- 
speed-meter calibration, when finally accepted after 314 hr of 
repeated runs, was analyzed to determine what variables had 
occasioned the large discrepancies responsible for making this 
test so costly. It was found that variations of gross weight, 
thought to have but a minute influence on the calibration had, 
in the case of the pitot-tube installation on this airplane, varied 
the indicated airspeed as much as 5 mph for any true indi- 
cated airspeed. When the calibration was “corrected” for 
changes in gross weight, the spread of experimental points 
was reduced greatly. Other causes for discrepancies were 
found to be continued testing after the turbulence on a speed 
course became too great to permit maintaining constant indi- 
cated airspeed, and errors in indicated air temperature owing 
to the sun shining on or shading the thermometer bulb on 
successive runs. Many hours spent in careful preparation for 
4 flight test, in waiting for ideal atmospheric conditions, and 
then in minutely following a flight plan with all variables 
under control, will result in appreciable economies. 


Instrument Calibration 


The calibration of all instruments is a vital part of flight- 
test planning. On large aircraft it becomes necessary to cali- 
brate instruments more than once to check how closely they 
maintain their calibration. Cheap instruments have resulted 
in worthless hours of flight-testing. At the high cost of flight- 


test minutes on large airplanes, it becomes an economy to buy 
the most accurate and dependable instruments available. 

The optimum instrument layout will depend upon the com- 
plete flight planning of the entire test as far as this planning 
can be done prior to completion of the airplane. It may be 
possible to make simultaneous observations at many points in 
the airplane for entirely independent tests, all of which obser- 
vations require flight at some predetermined altitude, power 
output, and flight attitude. It will be a great economy to 
install duplicate instruments at every observer's station. On a 
large airplane some observers may be located at some distance 
from the pilot, and communication may then become a serious 
problem. To solve this problem, several methods are in use 
to accomplish a synchronizatton of the readings obtained 
throughout the airplane. The simplest method is to syn- 
chronize all timepieces, including the recording apparatus, 
prior to flight. Another method is to have the pilot announce 
on an interphone set, communicating to each observer, each 
time a change occurs in the attitude, velocity, power or any 
other condition which the observers do not have available for 
their inspection on their own instrument panels. On certain 
tests an automatic time recorder is used to stamp an identify- 
ing symbol on each record sheet at each alteration in test 
conditions. 


Handling Test Data 


The recording, correction, compilation, and analysis of 
flight-test data on a large airplane becomes a problem requir- 
ing a great deal of bookkeeping to keep the records straight 
and to enable each test to give the maximum of correct infor- 
mation to the personnel involved by the test. 

Weight control has become the second problem of impor- 
tance in flight planning. Most measurements made in flight 
are dependent upon the gross weight of the airplane and its 
center of gravity. In some tests, such as rate of climb and 
ceiling, the exact gross weight is of such importance that the 
decreasing fuel load as gasoline is burned from minute to 
minute, is computed and a correction applied to reduce it to 
full gross weight conditions. 

In like manner, the control of center of gravity is of vital 
importance. On some tests, such as those for longitudinal 
stability, a center of gravity shift of 0.1% of the mean aero- 
dynamic chord will destroy the accuracy and value of a test 
flight. On large flying boats, which are not removed from the 
water for months at a time during their tests, the weight and 
center of gravity control is a mathematical problem of no 
mean magnitude, especially when structural modifications are 
being added continuously. This control is accomplished en- 
tirely by adding and subtracting each minute increment and 
determining its moment about the center of gravity. The 
typical flight plan for an initial test of a large aircraft may 
involve 20 or more pages of detailed procedure prior to the 
airplane’s ever climbing out of the field on its first flight. 

This initial flight plan is drawn up in accordance with the 
principle of least risk as are, too, all later ones; but, on the 
first flight, the operation of this principle is most clearly evi- 
dent. The first flight is an exploration into the unknown 
territory of the airplane’s stability and balance, the operation 
of engines, propellers, control surfaces and landing gear and, 
finally, the relationship of the pilot to the airplane. This latter 
we term “familiarization.” Technically, it is the task of rele- 
gating three new sensori-motor coordinations to the “auto- 
matic” from the “thinking” stage. Each new airplane re- 
sponds entirely differently and, although the basic principles 
of control are the same, it is doubtful if a pilot whose perfec- 
tion of technique was confined to one type of airplane could 
make an initial flight on another, quite different, type without 

(Concluded on page 456) 

















The Precision of Knock Rating - 
1936-1938 


Report from Cooperative Fuel Research Committee 


By Donald B. Brooks* and Robetta B. Cleaton* 


N May 4, 1936, at the meeting of the CFR 

Detonation Subcommittee’, the National Bu- 
reau of Standards presented the “Supplementary 
Report on Analysis of Detonation Rating Data,” 
which completed the first analysis of the Coopera- 
tive Exchange samples. This analysis’ included 
the “first” and the “E” series of tests of Union- 
town (1934) fuels and the first 67 Cooperative 
Exchange samples. 


At the CFR Motor Fuels Section’ meeting on 
Nov. 7, 1937, the Bureau was requested to make 


a second analysis of the Cooperative Exchange 
fuels since June, 1936. 


This analysis is based on results of 6386 tests 
on 136 fuels. These tests were made by over 100 
laboratories including laboratories of the CFR Ex- 
change Group and a non-member group, with 
laboratories in foreign countries, invited to par- 
ticipate semi-annually. 


ESULTS in Brief — Of the 2493 tests by ASTM Method 
. made by the Cooperative Exchange Group laboratories, 
92.5% of the results deviate from the respective mean 
values by less than 1 octane unit as compared with 86.9% in 
the 1936 analysis. The precision of rating when corrected to 
70 octane number and expressed as standard deviation is now 
0.52 octane unit as compared with 0.63 octane unit for the 
previous analysis. In terms of the standard deviation, the 
maximum precision attainable with present equipment is esti- 
mated to be 0.36 octane unit. This estimate is to be compared 
with the value 0.40 actually obtained from 207 ratings by the 
best two laboratories. 





*National Bureau of Standards. ; 

1 Now designated the Motor Fuels Division of the Cooperative Fuel Re- 
search Committee. : 

2 See SAE Journal, Vol. 39, No. 4, October, 1936, pp. 22-24: “The Preci- 
sion of Knock Rating,” by Donald B. Brooks. eM : E 

2 In conformity with general usage, the measure of precision used in this 
paper is the standard deviation. In this previous paper, probable error, 
which is 0.67449 times the standard deviation, was used. 
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The value of periodic cooperative knock ratings in improv- 
ing precision is demonstrated by the results of the six sets 
of semi-annual tests, laboratories which participate in the 
monthly exchange of cooperative samples showing about 1/3 
greater precision than other laboratories. The need for further 
research is demonstrated by the facts that precision for fuels 
above 80 octane number has shown no improvement in 3 years 
and that, with 100% cracked fuels, even of 70 octane number, 
much lower precision is obtained than with straight-run fuels. 

The precision by the 1939 CFR Research Method is close to 
that of the ASTM, while the standard deviation of the 1932 
Research Method is 2/3 larger than that of the revised ver- 
sion. The L-3 Method is but slightly inferior to the ASTM 
Method; the Sunbury indicator gives a standard deviation 1/3 
greater than that of the bouncing pin. 

The results on the effect of atmospheric and engine vari- 
ables found in the 1936 analysis are verified. If precision is to 
be improved, more attention must be given to obtaining stand- 
ard intensity of knock, the limit on hours between engine 
overhaul must be observed, and humidity should be controlled. 


Extreme ranges of variables occurring in the ASTM Method 
tests are given in Table 1. 





Table 1 — Ranges Covered in Tests 
Exchange Group - ASTM Method R, W, S Fuels 





Item 


Lowest Highest 
Octane Number of Fuels 50.6 88 .2 
Greatest Deviation, octane units —1.9 +3.1 
Standard Deviation 0.17 0.97 
Hours Run Since Carbon Removal 1 294 
Barometric Pressure, in. hg 28 .50 30.84 
Humidity, in. hg 0.07 1.25 
Dry Air Pressure, in. hg 27.78 30 .52 
Air Temperature, F 63 124 





Precision of Rating? 


The precision of rating by the standard test procedure is 
shown in Table 2, for the R series of monthly exchange 
samples, and the S and W series of road-test fuels (combined). 
Each laboratory is represented by a different number in the 
two groups of fuels. 


The first column under each group gives the standard devia- 
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Table 2 — Precision of Ratings 
Exchange Group - ASTM Method 





R Samples Sand W Fuels 
Labora- No.of Standard Constant No.of Standard Constant 
tory No. Tests Deviation Error Tests Deviation Error 


1 90 0.67 +0.29* 30 0.52 —0.08 
2 93 0.61 +0 .04 32 0.36 —0.03 
3 93 0.50 +0 .08 30 0.58 —0 .02 
4 87 0.55 —0.20* 32 0.53 +0.14 
5 90 0.54 +0.09 33 0.34 —0.01 
6 117 0.55 +0.19* 32 0.26 +0.10 
7 90 0.46 +0.16* 34 0.45 +0 .03 
8 45 0.54 +0.11 31 0.67 +0 .59* 
9 89 0.58 —0.20 36 0.57 +0 .62* 
10 81 0.45 —0.14 id Miiaoe’ <t aeetaars « 
11 87 0.60 —0.12 31 0.44 —0.23 
12 96 0.47 —0.09 56 0.36 —0.21* 
13 90 0.33 +0 .07 34 0.33 —0.19* 
14 87 0.52 —0.12 31 0.47 —0.30* 
15 84 0.61 ~—@.10 64 0.39 —0.17* 
16 87 0.43 —0.11 13 0.67 +0.18 
17 117 0.38 —0.22* 37 0.38 +0 .03 
18 180 0.50 —0 .09 32 0.33 —0.35* 
19 174 0.53 +0 .20* 7 0.38 —0.41 
20 21 0.55 —0.01 tee 





*These values probably represent a real variation from the average. 





tion for each laboratory. This value is derived from the orig- 
inal data by means of the formula 








zu? 
¢ = — 
\ n—1l1 
where o = deviation of each single observation from the mean 


of series to which it belongs. 


difference between the laboratory’s value and the 
mean value (for each fuel). 


n = number of values of v. 


lI 


_ The second column under each fuel group gives the con- 
stant error for each laboratory. This is the mean amount by 
which their tests differ from the average value found by all 
participating laboratories. For example, a laboratory having a 
constant error of —o.5 unit is one which in general rates fuels 
1/2 unit below the average figure. From the data presented, it 
would appear that a constant error of one- or two-tenths of a 
unit might result from the random accumulation of accidental 
errors. It is possible to determine by statistical tests whether 
any given constant error is likely to have resulted in this way. 
The values marked with an asterisk in Table 2 are definitely 
too large to have been accidental. Statistical theory shows 
that, on the average, only once in a thousand times would an 
error as high as those starred result from the accumulation of 
accidental errors. 

A special analysis was made of all ratings on the Semi- 
Annual Cooperative test fuels to determine the precision by 
classes of the laboratories involved. On the 18 fuels, 1516 
ratings were reported by all laboratories. The following 
values give the precision of rating by the different classes of 
laboratories: 


No. of Precision of Rating, 


Group Laboratories octane unit 

All Laboratories 132 0.649 
Oil Companies 101 0.631 
Commercial Laboratories 13 0.626 
State Laboratories 18 0.845 
CFR Exchange Group 

Laboratories 22 0.487 
Non-Member Participants 110 0.695 


The excellent showing of the CFR Exchange Group lab- 
oratories in comparison with the non-member participants 
probably can be attributed in no small measure to the testing 
of samples and exchange of results each month. which ensure 
early discovery of any faults in equipment or technique. This 
result demonstrates the importance of the semi-annual tests to 
laboratories not belonging to the Exchange Group. 


Of the 2493 tests by ASTM Method made on the R samples 
and the S and W fuels by the Exchange Group laboratories, 
92.5% of the results deviate from the respective mean values 
by less than 1 octane unit. Therefore, in comparing results 
with those obtained in the 1936 analysis, there is a decided 


decrease in the occurrence of large errors as shown below: 


Per Cent of Total Number of Tests 
Analy- No.of Standard Deviations from Mean Value 


sis Tests Deviation 3.0 and 
0.0-0.9 1.0-1.9 2.0-2.9 Over 

1939 2493 0.52 92.5 1.3 0.2 0.04 

1936 1882 0.63 86.9 11.9 es 0.1 


In this analysis, the proportion of results differing from the 
average by 1 octane unit or more is thus only about half as 
large as was the case three years ago. The standard deviation 
for the “first” series of tests of the 1934 Uniontown fuels was 
0.80 octane unit, that for samples R-1 to R-67 was 0.63, 
whereas that for R-68 to R-154 is 0.52. These three values 
represent approximately the following periods: 1934 (Union- 
town fuels); December, 1933, through 1935 (samples R-1 to 
R-67); June, 1936, to December, 1938 (samples R-68 to 
R-154). It appears that the precision of knock rating has 
nearly doubled since development of this method in 1932. 


Variation with Octane Number 

The standard deviation for each fuel plotted against the 
octane number of the fuel is shown in Fig. 1. Whereas a 
casual inspection would indicate that the variation of results 
with octane number is purely erratic, a statistical study by the 
method of least squares gives linear equations to fit the data 
for each of the types of fuels with slopes which are so nearly 
identical, except in the case of the 100% cracked, that they 
can be represented by one line plotted as a solid line in Fig. 1. 
The increase of standard deviation for cracked fuels is more 
than twice as large as that for the others, the precision of 
rating being very poor for this type of fuel at high octane 
number. 

At first glance this finding is diametrically opposed to that 
of the 1936 analysis, in which the error was found to decrease 
with increase of octane number, the standard deviation being 
0.74 unit at 55, and 0.59 unit at 75 octane number. Fig. 2 
explains this seeming reversal. Since the last analysis, the 
precision of rating has shown a perceptible improvement for 
the fuels of 70 octane number and lower, but there has been 
practically no change in the precision of rating fuels of over 
80 octane number. 


Relation of Precision to Fuel Type 


The relation of precision to fuel type, based on tests by 
ASTM Method made by the Exchange Group is shown in 





Fig. | -Variation of precision with octane number by fuel 


types 
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Table 3. The first column under each analysis (1939 and 
1936) gives the standard deviation corrected to 70 octane num 
ber for the different fuel types. This correction was based on 
the rates of change of precision with octane number which are 
shown in Fig. 1. In nearly all cases, the correction was small, 
as the average octane number of each fuel group was close 
to 70. 

The second column under each analysis gives the relative 
precision for each type of fuel expressed as per cent of that for 
all fuels. At the bottom of each column is given the average 
standard deviation for all fuels. This table shows that the 
precision of rating straight-run fuels is higher than for any 
other type, the standard deviation being 7/8 of the average, 
whereas that for the 100% cracked is 1/6 more than the 
average. Greater precision, of course, is found in rating the 
reference-fuel blends, the standard deviation being 3/4 of the 
average for all fuels. This special case will be discussed here- 
inafter. 

An improvement is noticeable in the precision of rating 
each class of fuel but, with the exception of straight-run, each 
class has about the same relative precision now as in the 1936 
analysis. 

Excepting the two tractor fuels, the greatest departure from 
the average is for the 100% cracked fuels; this departure was 
also evident in the previous analysis. 


Maximum Attainable Precision 


The precision of rating reference fuels, in the 1936 analysis, 
was found equivalent to a standard deviation of 0 .49 octane 
unit. From the relation of this value to the average for all 
fuels, the statement was made that the attainable precision, 
with the then-current equipment but with perfect technique, 
was a standard deviation of 0.40 octane unit. This conclusion 
followed from the fact that these fuels were rated against 
blends of nearly the same composition, so that many of the 
usual sources of error could not affect the result. Only certain 
errors of technique caused the deviations shown. 

Separate sources of error when combined give a total error 
equaling the square root of the sum of the squares of the 
individual errors. By means of this statistical principle, the 
value 0.40, preceding, was found to be the residual error not 
caused by faulty technique. It was pointed out in the earlier 
analysis that 144 ratings by the best two laboratories showed a 
standard deviation of 0.426 octane unit, tending to verify the 
foregoing conclusion. 

In the present analysis, the error of rating reference fuels is 
found to be 0.38 octane unit. By the same procedure, the 
maximum precision with present equipment is found to be 
0.36 octane unit. In this analysis, 207 ratings by the best two 
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Fig. 2-—Variation of precision with octane number of fuel 
tested - ASTM Method — Exchange Group 
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Table 3 — Relation of Precision to Fuel Type 
R Samples, S and W Fuels 
Exchange Group - ASTM Method 
Values of Stand ard Deviation at 70 Octane Number 


1939 Analysis 
Per Cent 
Standard of 


1936 Analysis 
Per Cent 


Type of Fuel Standard of 


Deviation Average Deviation Average 

Straight-Run with or 

without Lead 0.455 87 0.599 95 
100% Cracked 0.606 116 0.743 118 
Straight-Run + Cracked 0.507 97 0.630 100 
Straight-Run + Cracked 

+ Lead 0.511 98 0.586 93 
100% Cracked + Lead 0.553 ae” whee - 
Reference Fuels 0.383 73 0.485 77 
Tractor Fuels* 1.341 256 1.41 224 
All Fuels 0.524 100 0.630 100 





*Not included in general average because distillation not comparable with 
motor fuel. 





laboratories —- one of which was best in the previous survey — 
give a standard deviation of 0.402 octane unit. 


Comparison of Various Methods 

In the ensuing comparison of the precision of various test 
methods and instrumentation, only tests by members of the 
CFR Exchange Group are discussed. All other means are 
compared with the standard ASTM Method and, in each 
case, the tests considered are on the same group of fuels. It 
should be borne in mind, in considering these data, that 
experience with a procedure improves precision, as is demon- 
strated strikingly by the great improvement in precision of 
the ASTM Method since its inception. With use, the other 
means also might be expected to show a considerable improve- 
ment. 

Tests by the 1932 CFR Research Method on 36 R, S, and W 


fuels gave results as follows: 


1932 CFR 
ASTM _ Research 
Average Standard Deviation, octane units 0.552 1.031 
Average Standard Deviation, % 100 187 
Average Octane Number 71.0 73.2 
The 1939 CFR Research Method has had but little use so 
far, but data obtained in its development (as Method 35A) 
have been analyzed to afford an indirect comparison with the 
1932 Research Method. Omitting a tractor fuel, the low 
volatility of which occasioned large errors by both methods, 
the results on 17 fuels are as follows: 


1939 CFR 
ASTM Research 
Average Standard Deviation, octane units 0.669 0.740 


Average Standard Deviation, % 100 111 
Average Octane Number 70.5 73.4 


This new method, developed in 1938, already shows a 
precision comparing well with that of the ASTM Method, 
whereas the old method, after much use, gave nearly twice 
the error of the ASTM Method. 

Tests by both ASTM and L-3 Methods on 49 R, S, and W 
fuels are included in the data covered by this analysis. The 
precision by these two methods is as follows: 


ASTM L-3 
Average Standard Deviation, octane units 0.548 0.619 


Average Standard Deviation, % 100 113 
Average Octane Number 71.6 73.0 
Precision by the L-3 Method is seen to be about on a par 
with that by the 1939 CFR Research Method. 
When the 1937 road-test fuels (S and W fuels) were tested, 
ratings were made by the L-3 and CFR Motor Methods using 
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Table 4-— Average Values of Correlation Coefficients 
Exchange Group - ASTM Method 





1936 
Significance Analysis 
Correlation of Correlation 
Quantities Coefficients Correlation Coefficient 
Fuels 
R SW R»S-W 
Compression Ratio vs 
Air Temperature +0.033 +0.175 +0.073 Doubtful +-0.058 
Humidity +0.011 —0.004 +0.007 None +0.099 
Barometric Pressure —0.415 —0.244 —0.367 Certain —0.338 
Dry Air Pressure —0.415 —0.222 —0.360 Certain —0.359 
Hours Run Since 
Carbon Removal —0.128 —0.284 —0.172 Certain —0.254 
Octane Number vs 
Air Temperature —0.021 +0.016 —0.011 None +0.039 
Humidity +0.039 +0.128 +0.064 Doubtful +0.004 
Barometric Pressure +0.017 —0.121 —0.022 None +0.001 
Dry Air Pressure —0.006 —0.154 —0.047 None —0.011 
Compression Ratio +0.164 +0.168 +0.166 Certain +0.123 
Hours Run Since 
Carbon Removal —0.101 —0.164 —0.119 Certain —0.133 
Number of Fuels 87 34 121 95 





the bouncing pin and also the Sunbury indicator. The results 
of these tests on 34 fuels show the Sunbury indicator to give 


1/3 larger error than the bouncing pin, as may be seen from 
the following table: 


ASTM L-3 Both Methods 
Octane Octane Octane 
Units Units Units Per Cent 
Average Standard Deviation, 
Bouncing Pin 0.545 0.622 0.585 100 
Average Standard Deviation, 
Sunbury 0.803 0.745 0.774 132 


Here again the elements of familiarity and development 
should be considered. The difference in precision between 
the two means of instrumentation is only slightly larger than 
the difference in precision found for the ASTM Method in 
1936 and 1939. 


Factors Affecting Precision 


The influences of atmospheric and engine variables on 
knock rating, rarely being large, ordinarily are obscured by 
accidental error when no attempt is made to control these 
variables. Although obscured, these effects are present, and 
can be extracted from sufficient data by statistical methods. 
The method used herein is that of correlation‘. 

Correlation is essentially finding whether a relation exists 
between two variables. The correlation coefficient, together 
with the number of observations, determines the probability of 
such a relation. If the correlation coefficient is positive, the 
relation is direct and both variables increase together; if it is 
negative, the relation is inverse, and one decreases as the other 
increases. 

If the statistical operations of correlation are performed on 
observations of unrelated variables—say the octane number 
and the height of the operator — a low value will ordinarily be 
obtained for the coefficient. If it is performed on very closely 
related variables, the coefficient will be close to unity. The 
coefficient for barometric versus dry-air pressure, for example, 
is generally higher than -++0.9, in some cases being over 
+-0.97. There is a definite chance that data which have no 
real correlation, may accidentally be so associated as to give a 
value indicating correlation. This chance can be calculated 
from the number of observations and the coefficient found. 
For the average coefficients found from tests on 121 R, S, and 





*See “Statistical Methods for Research Workers,” by 


R. A. Fisher, 
Oliver. 


W fuels the chance that they were so obtained is approxi- 
mately as follows: 


Chance of Occurrence 


Value of Coefficient from Unrelated Data 


+0.05 1/10 
+0.1 1/20 
+0 .2 1/30 
+0.3 1/50 
+0.4 1/100 


In consequence, average coefficients from 0.1 to 0.3 are very 
likely to indicate covariance, and those above 0.3 are almost 
certain to do so. 

In the 1936 analysis, it was shown that compression ratio 
for standard intensity of knock was affected by barometric or 
dry-air pressure and by the hours during which carbon had 
been accumulating in the engine. It also appeared probable 
that it varied with humidity. Variation of octane number 
appeared probable with the compression ratio used and carbon 
accumulation and, in some cases, with humidity. These fac- 
tors and others were studied in the current analysis. The 
average values of the correlation coefficients are given in 


Table 4. 


From Table 4 it can be seen that compression ratio is cor- 





Table 5 — Effect of Fuel Type on Correlation 
Exchange Group - ASTM Method R, W, S Fuels 





Straight Straight- 


Leaded Straight Run-+ Run with 
100% 100% Run-+ Cracked or with- All 
Quantity Cracked Cracked Cracked + Lead out Lead Fuels 
Compression Ratio vs 
Air Temperature +0.075 +0.094 —0.024 +0.094 +0.082 +0.073 
Humidity —0.001 +0.013 —0.078 +0.090 —0.010 +0.007 
Barometric Pressure —0.073 —0.330 —0.423 —0.419 —0.428 —0.367 
Dry Air Pressure —0.107 —0.301 —0.379 —0.441 —0.410 —0.360 
Hours Run Since 
Carbon Removal —0.245 —0.190 —0.119 —0.093 —0.225 —0.172 
Octane Number vs 
Air Temperature +0.057 —0.092 —0.177 +0.091 —0.009 —0.011 
Humidity +0.330 —0.058 —0.125 +0.168 +0.072 +0.064 
Barometric Pressure +0.002 +0.025 +0.038 —0.047 —0.069 —0.022 
Dry Air Pressure —0.146 +0.038 +0.083 —0.116 —0.085 —0.047 
Compression Ratio +0.110 +0.247 +0.190 +0.144 +0.107 +0.166 
Hours Run Since 
Carbon Removal —0.161 —0.115 —0.132 —0.115 —0.117 —0.119 
Number of Fuels 10 24 15 32 33 121 





related to about an equal degree with barometric or dry-air 
pressure. Correlation with hours during which carbon has 
been accumulated is also obvious. The negative sign of the 
coefficient indicates that the value of compression ratio de- 
creased as that of the other variable increased. The correlation 
of compression ratio with atmospheric air temperature is 
doubtful, owing to the low value of the coefficient in each 
case. Its probability is enhanced by the fact that the earlier 
survey gave a very similar value. It seems probable, therefore, 
that the compression ratio used increased slightly with increase 
in air temperature. This may be a spurious relation occasioned 
by the slight covariance between atmospheric temperature and 
barometric pressure since compression ratio varies with the 
latter. 

The observed knock rating in octane number certainly 
varies with compression ratio used and with the carbon accu- 
mulation, the latter being expressed as hours operation since 
cleaning. It generally increases with increase in the former 
and decreases with increase in the latter. It appears to in- 
crease, on the average, with humidity. 

In some cases, at least, a better picture of the effects can be 
obtained from the distribution of correlation coefficient values. 
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Plots of these distributions are given for selected cases in Figs. 
3 to 7. Fig. 3 shows the distribution of correlation coefficients 
found on 121 R, S and W fuels for the variance of octane 
number with compression ratio used in testing. In this and 
succeeding figures the points represent the number of values 
falling closer to this abscissa than to the next abscissa on 
which a point is plotted. The dashed curve is the distribution 
which would prevail if no relation existed between the two 
variables. The solid curve is the same distribution curve 
shifted to have its peak at the average value found for the 
correlation coefficient, +0.166 (Table 4). It is obvious that 
the random distribution (dashed line) does not apply to these 
data, and hence that a definite correlation exists. 

The upper curve on Fig. 4 gives the distribution of values 
for the correlation coefficients found for octane number versus 
atmospheric air temperature. Here it is apparent that the 
random distribution curve fits the data; no correlation exists. 
The lower part of Fig. 4 is for compression ratio versus atmos- 
pheric air temperature. The random distribution curve does 
not exactly fit the data; all values to the left of zero are below 
the curve, and all values to the right are on or above it. As 
in Fig. 3, the solid curve indicates the shift necessary to cause 
the peak of the curve to coincide with the average abscissa, as 
given in Table 4. 
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Fig. 5 shows the correlation of octane number and of com- 
pression ratio with barometric pressure. The random curve 
fits the octane number correlation well enough, there being no 
appreciable covariance between these variables. In the lower 
part of the figure the dashed curve very obviously does not fit 
the data; the solid curve representing theoretical distribution 
about the average value found for the correlation coefficient 
(Table 4) assumes a decidedly skewed character. (This skew- 
ing occurs because the ordinate of the distribution curve be- 
comes zero at abscissae +1 and —1, since these are limiting 
values for the correlation coefficient.) 

In Fig. 6 the correlation of octane number and compression 
ratio with humidity is shown. The lower plot obviously shows 
no correlation. In the upper plot, the degree of fit cannot be 
improved by shifting the distribution curve so that the maxi- 
mum ordinate coincides with the average value of the correla- 
tion coefficient. The range of values is apparently broader 
than can be accounted for by normal distribution. The impli- 
cation of this condition is that, although a large percentage of 
fuels are unaffected by humidity, a marked response is shown 
by some of the fuels. 

The curves for dry-air pressure are not included as they are 
very similar to those for barometric pressure. The correlations 
of both octane number and compression ratio with carbon 
accumulation, Fig. 7, are definite and present no features 
requiring discussion. 

It can be noted from Table 4 that the S and W fuels gen- 
erally have a lower average value for the atmospheric vari- 
ables and a larger value for the engine hours since carbon 
removal. This result can be attributed to the fact that the S 
and W fuels were rated in two consecutive months, July and 
August, 1937, and the atmospheric variables are more constant 
than for the R samples rated throughout the twelve months 
of the year. The values given for correlation with the atmos- 
pheric variables for the S and W fuels, therefore, are not as 





Figs. 3-7 —Distribution of correlation coefficients — R, W, S fuels- ASTM Method - Exchange Group 
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Fig. 8— Variation of octane number with humidity 


accurate as those for the R samples, although, conversely, the 
values for compression ratio and octane number with engine 
hours are more accurate. 

In Table 5 the data of Table 4 have been analyzed to show 
the effect of fuel type on the correlation. A definitely interest- 
ing result is found in the case of octane number versus humid- 
ity. Both the cracked fuels and blends of cracked with straight 
run show a small negative value, indicating decrease of octane 
number with increase of humidity. Their leaded blends, 
however, show high positive values, indicating the opposite. 
A reflection of this condition is seen in the correlations of 
octane number with dry-air pressure, the signs being reversed 
because of the inverse relation between dry-air pressure and 
humidity. (In earlier work a correlation of —0.283 was found 
for humidity versus dry-air pressure, for tests on 74 fuels.) 

As it seems probable from the foregoing that there is a 
difference in the effect of humidity on the ratings of different 
fuels, especially marked when lead is added to a cracked fuel 
or blend, the question of the magnitude of this effect next will 
be considered. 

The change of rating with change in humidity can be de- 
duced statistically® from the data. The results of these com- 
putations are plotted in Fig. 8 for the various types of fuels. 
As in the previous figures, the dashed curve shows the distri- 
bution® of values which would result from experimental error 
alone if humidity caused no real change in the knock rating. 





=ery 
5 The formula is m = —— 
= +? 
where m = change in octane units per 1 in. hg change in humidity. 
x = deviations from mean humidity, in. hg. 
y = deviations from mean octane number. 


@ The basis for calculating these curves was the two tests of reference 
fuels, for which the rates of change of cctane number with any variable 
should be zero, and road Op fuels SH-1 and SH-2, which were rated as 
such, and also blind «s R samples. In these latter cases the real values 
of the rates are the same, and the measure of error can be deduced from 
the disagreement of the observed values. 
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Fig. 9—Variation of octane number with carbon hours 


In Fig. 8 it will be noticed that the cracked and blended 
fuels, when not leaded, have a tendency to give more negative 
values and fewer positive ones than would be expected from 
the random distribution curve. When lead is added to these 
types of fuels, the opposite is true, positive values being more 
numerous, and negative values less so, than would follow for 
random distribution. This effect is very marked in the leaded 
100% cracked fuels, the curve peaking at an abscissa of 
about + 1.5. 

The conclusion is drawn that 100% cracked fuels will gen 
erally decrease in rating by about 1/2 unit per 1 in. hg in- 
crease in air humidity although, in rare cases, their ratings 
may increase as much as 2 units, whereas leaded 100% 
cracked fuels almost invariably will increase in rating by 1 
to 2 octane units per 1 in. hg increase in humidity. The knock 
rating of straight-run fuels with or without lead generally is 
not appreciably affected by change in humidity. Blends of 
straight-run and cracked fuels show intermediate behavior, 
somewhat in proportion to the amount of cracked fuel present. 
Under date of June 7, 1938, J. R. MacGregor, leader of the 
Humidity Project of the CFR Motor Fuels Division, reported 
tests by six laboratories on four fuels, in which either the test 
fuel or the reference fuel contained lead. The results showed 
the leaded fuels to increase in octane number by 1.2 to 2.1 
units per 1 in. hg increase in humidity, values which are in 
good agreement with those found by statistical methods, 
although the fuels used by MacGregor were of different type 
and higher octane level than those on which this analysis is 


based. 

Earlier in this report it was shown that carbon affects the 
octane number found in a knock rating. Fig. 9, based on 
calculations similar to those used for Fig. 8, presents quanti- 
tative information on this effect. In this case there is less 
difference in the behavior of the different types of fuels, all 
showing a preponderance of negative and a deficiency of posi- 
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Table 6 — Variation of Octane Number with Humidity and Carbon 
Exchange Group - ASTM Method R, W,S Fuels 





Octane Units Octane Units 


per lin. Hg per 100 Hr 
Humidity Carbon 
1939 1936 1939 1936 
Fuel Type Analysis Analysis Analysis Analysis 
100% Cracked -—0.18 -—0.2 —0.19 -—1.2 
Straight Run + Cracked —0.49 —0.5 —0.21 -—0.3 
Straight Run + Cracked 
+ Lead +0.63 +0.2 -—0.14 —0.8 
100% Cracked + Lead +1.04....... ADO nies ex 
Straight Run with or 
without Lead +0.28 +0.6 —0.13 +0.05 





tive values when compared with the normal distribution curve. 
The leaded 100% cracked fuels are again the most responsive, 
averaging between 1/3 and 1/2 octane unit decrease per 100 
hr carbon accumulation. The other types average between 1/4 
and 1/10 unit decrease. 

It is of interest to compare these results with those found in 
the 1936 analysis. The average values are given in Table 6. 
In making the comparison it must be recalled that the pre- 
cision of rating was not as good in the data on which the 
earlier analysis was based, and experimental error consequently 
contributed a greater share in altering the values. The results 
of the two analyses, however, are in agreement to a consider- 
able extent, particularly in the case of the effect of humidity. 


This agreement demonstrates the factual nature of these 
results. 


Compression Ratio and Octane Number 


From the large amount of the data available for this anal- 
ysis, it has been possible to determine the relation of compres- 
sion ratio to octane number quite exactly. During most of the 
period in which these data were accumulated, the only speci- 





(EL LL 
ee 


ues 


UE 


Pree 
coe 
oo 


ee 
dete tte ene 


Suisiaial 


ia sat 


sess 


cae 
men 


By 
eB 
FE 
Set 
Be 
= 


Heda 
“ 7 . a 


Fig. 10 - Octane number vs. compression ratio — Dry air pres- 


sure, 29.52 in. hg (750 mm hg) 


PRECISION OF KNOCK RATING 





455 


fied relation was at 65 octane number, where the compression 
ratio was specified as 5.30 for standard pressure. Study of the 
data on 51 R samples, the calibration of A-5, and recent 
batches of n-heptane and iso-octane showed that the relation 
between octane number and compression ratio could not be 
fitted by any simple curve, but that the relation between 
octane number and micrometer setting was of the polynomial 
form. A cubic equation was obtained which fitted all these 
data very closely. 

The relation between octane number and micrometer setting 
or compression ratio is known to vary with air pressure and 
probably varies with other factors not yet studied. It has been 
found that the variation is correlated more closely with dry-air 
pressure than with total pressure. At 750 mm hg dry-air 
pressure, the relation between octane number and micrometer 
setting is 

y = 101.465 — 41.589x + 6.411x° — 98.965x° 
where y = octane number 
x = micrometer setting 


The curve defined by this equation, but transformed to 
abscissae of compression ratio instead of micrometer setting, is 
given in Fig. 10, with formulas for correcting it to other 
pressures. 

This curve fits the data of the 51 R samples perfectly, the 
residuals being distributed evenly about the curve throughout 
its length. It fits the data on heptane and on octane to within 
0.1 octane number, but misses the A-5 data by a considerable 
amount. An idea of the accuracy is given by the tabulation 
below, showing the distribution of residuals for the 51 R 
samples: 


Size of Residual Octane Units 0-0.5 0.5-1.0 
Number of Residuals 37 11 


— 


1.0-2.0 Over 2.0 
2 1 


The average residual is 0.40 octane unit. 
The central portion of the curve is reproduced in Fig. 11 





Fig. 11 — Variation of compression ratio with octane number 
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with the average values found for 114 R, S, and W fuels 
plotted on it, and with the curve obtained by A. E. Becker 
from data obtained in the calibration of reference fuel C-11 


(dashed line) for comparison. It is obvious that either curve 
fits the data well in this region. 


Conclusions 


This analysis has shown a general improvement in preci- 
sion, averaging over 20% on all types of fuels, since the 1936 
analysis. The value of periodic cooperative knock tests is indi- 
cated by the excellent showing made by the CFR Exchange 
Group in the Semi-Annual Cooperative tests. 

Although improvement in precision has been large for fuels 
of 70 octane number, it has been nil for those over 80 octane 
number; this result emphasizes the need for more research on 
knock rating in this region. Although an improvement is 
shown in the precision of rating cracked fuels of 70 octane 
number, the error for this type is 1/3 larger than for straight- 
run fuels of the same octane number. A more suitable stand- 


ard of depreciation, it is believed, would improve this con- 
dition to some extent. 

The 1939 CFR Research Method, although still in its in- 
fancy, is definitely more precise than the 1932 Research 
Method, the latter showing 2/3 larger error than the 1939 
version. The L-3 Method shows only slightly larger error 
than the ASTM Method. The Sunbury indicator is 1/3 less 
precise than the bouncing-pin, although it is probable that this 
showing would improve with use. 

The results found in the 1936 analysis in regard to the 
effects of atmospheric and engine variables on knock rating 
are substantiated in general, and more accurate values have 
been obtained for them. These results show that: 

1. More attention should be given to the correction of com- 
pression ratio for barometric pressure. 

2. Not more than 100 hr should elapse between overhauls — 
less if rating cracked fuels. 

3. Precision of rating, particularly for cracked and leaded 
cracked fuels, would be improved if humidity were controlled. 





The Testing of Large Aircraft 
(Concluded from page 448) 


an initial stage of very bad wobbling about. This quality of 
adaptability from one class and size of aircraft to another can 
be acquired, and it is one of the distinguishing marks of a 
test pilot, to whom any airplane, from a glider with feather- 
weight control forces to a 30-ton Clipper ship, is a routine 
familiarization problem. 

Following the principle of least risk, the flight plan of the 
first flight lays down procedures for engine running and the 
testing of all engine controls, propeller testing, control surface 
friction measurement at zero airspeed, brake operation and 
brake-drum heating, acceleration and deceleration along the 
runway, stability of the airplane while on the ground, differ- 
ential brake control, differential engine control on the ground, 
air control of elevators at gradually increasing speeds, and air 
control of rudders at higher speeds less than take-off speed. 
This process of step-by-step exploration is continued until 
some unsatisfactory condition is found, studied, and remedied. 
When no risk is taken which could be preceded by a lesser 
exploratory risk, the ideal is achieved of never getting the 
airplane into an attitude from which it cannot be returned 
safely to an established regime of safety. It may take many 
hours of this type of testing before the airplane finally soars 
away from the field but, before that time, almost every ele- 
ment of static stability, controllability and balance will have 
been explored, in addition to powerplant operation and crew 
coordination. On seaplanes the same procedure is followed. 
There is no difference in the principles involved. 


Testing Becomes Quantitative 


From this point onward, flight-testing becomes largely quan- 
titative rather than qualitative. Stability is determined as a 
measure of slopes of force and moment curves. Maneuver- 
ability is reduced to quantitative terms. Even stalling charac- 
teristics now are being defined in terms of direction and rate 
of progressive breakdown in airflow over the wings at de- 
creasing speed, the slope of the stick force and elevator angle 
curves at approaching stall, and the effect of maintaining 
elevator angle position after complete breakdown of flow. 

Performance problems still remain the most pressing ones in 


flight testing. The mysteries that have surrounded reduction 
of flight-test data to standard atmospheric conditions are being 
dissipated largely by the increasing use of the torque meter. 
Part of the difficulty in understanding the problems of air- 
plane performance testing has been a misconception of the 
nature of testing in general—a misconception based on the 
belief that the ideal of a test was the determination of the 
“average” performance by a pilot of “average” ability and 
intelligence and by one who was not expected to know much 
about “scientific” test piloting. Such testing is not a perform- 
ance test at all but a statistical determination. The primary 
performance test of an airplane is the determination of the 
drag of the airplane, or more specifically, the power-required 
curve. When that has been measured, airplane performance is 
determined largely. 


Additional Problems 


Additional specific problems of interest are: 1. optimum 
flight path in take-off and landing over obstacles, now being 
solved photographically; 2. the nature of stalling characteris- 
tics under all the many conditions that must be investigated; 
3. the determination of minimum speed for control with vari- 
ous combinations of engines, windmilling, and feathered; and 
4. the problems of defining the characteristics of the airplane 
in flight as a controlled-stability problem rather than picking 
out one characteristic, such for example as yaw stability, out 
of the complexity of airplane behavior. Although the testing 
of such isolated characteristics has been a useful analytical 
method in the past, it does not lead to a complete picture of 
the airplane’s flying qualities because the airplane is never 
flown as a yawing plane independent of the many other fac- 
tors which modify its yawing behavior. 

Flight-testing techniques have developed so rapidly during 
the last few years and particularly during the last few months 
that any attempt to define the status of the art becomes obso- 
lete at once. The principal problems, however, remain those 
of personnel, or organization, of planning, and of the co- 
ordination of aerodynamic analysis with as precise measure- 
ments as possible of the variables involved in the dynamics of 
an airplane’s flight path. It is no longer a field for the test 


pilot of movie conception—it is the work of the aero- 
dynamicist. 





























Redistribution of weight in Chrysler bodies is effected by moving the rear axle back and the engine ahead relative to their 
previous positions shown by the dashed lines 


Trends in Design of 1940 Cars 


By Thomas A. Bissell 


Technical Editor, SAE Journal 


OUNTLESS improvements throughout the 1940 models 
mark advances in every phase of passenger-car design. 
Especially in the transmission has development gone 
ahead, with Oldsmobile’s new automatic transmission — in 
which an improved version of its four-speed geared automatic 
transmission is hitched to a fluid flywheel -as the most spec- 
tacular innovation. Steering-column gearshifts that are con 
siderably easier to operate and improved overdrives also are 
the fruits of this year’s engineering effort. 

Buick’s introduction of a process for balancing completely 
assembled engines marks another “first” in automobile pro 
duction. “Sealed-beam” headlights and poly-vinyl-acetal resin 
filler safety glass, results of extensive cooperative work, have 
been adopted almost unanimously. In the new General 
Motors “Torpedo” bodies, conventional bodies have been given 
a rigidity approaching that of unit construction. 

1940 cars are longer, wider, and roomier than last year’s. 
As a result, they are heavier. Interesting exceptions to this 
trend are the Packard 6 and 120 and Willys models which 
weigh less by 200, 85, and 21 |b, respectively. The striking 
reduction in the Packard 6 is the sum of numerous small re- 
ductions in individual parts, achieved after a thorough comb- 
ing of the entire design. 

Lowering floor heights by as much as 4 in. is another eng!- 
neering achievement found in the 1940 cars, affecting the 
design of many other parts such as transmissions, gasoline 
tanks, and springs, in addition to frames and bodies. 

Running boards continue to atrophy, the process being 
helped along by a greater number of models being offered 
either without them or with trim boards as optional, by a 
growing proportion of customers choosing to have running 
boards eliminated in the optional models, and by the trend 
toward wider and lower bodies. Windshield and window glass 
areas are larger, but the increase is not as great as it was last 
year. Development of direction signals is evidenced by the 
availability of four designs this year instead of one, and 


[This paper was presented at the Southern New England Section 
Meeting of the Society, Hartford, Conn., Nov. 1, 1939.] 
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adoption of such devices on three additional lines as standard 
equipment, and as optional equipment on three more. 

Weight has been redistributed in a number of lines to im- 
prove ride. Rear seats of all Chrysler-built models have been 
moved farther forward of the rear axle by about 7/4 in. and 
the engine has been moved 4 in. ahead with respect to the 
front wheels; Chevrolet bodies are located 2 in. farther ahead 
on the chassis than last year; and the Pontiac Special 6 rear 
seat is 3 in. farther ahead of the rear axle. The Chrysler 
change permitted introduction of a more accessible square-bot- 
tom design for the rear doors of all sedans. 

With their adoption on all models of two additional lines 
this year, independent front suspensions will appear on all 
except a few of the 1940 cars. 

Buick announces two new models, the Super or 50 and the 
Roadmaster or 70, both with new Torpedo bodies, of 121 and 
126 in. wheelbase respectively. The 50 is powered by the 
same 8-cyl 107-hp engine used in the 40, and the 50 is 
equipped with the same 8-cyl 141-hp engine as the 60, 80, 
and go. Packard’s new 160 replaces last year’s Super 8, and 
the 180 replaces the former Packard 12. Both are driven by 
Packard’s new 160-hp straight 8 engine and use the same 
chassis on 127, 138, and 148-in. wheelbases. The new LaSalle 
52, of 123-in. wheelbase, has a Torpedo body and the LaSalle 
50 engine. Cadillac also introduces the Fleetwood 72 on a 
39-in. wheelbase and the Cadillac 62 with Torpedo body and 
129-in. wheelbase to supersede the Cadillac 61. Both have the 
same engine, but slightly different compression ratios. Pon 
tiac’s new model is the Torpedo 8 on a 121'4-in. wheelbase 
with Torpedo body and the De Luxe 8 engine equipped with 
dual carburetion. Oldsmobile’s 8-cyl t10-hp 90 or Custom 
Cruiser also carries a Torpedo body. Its 124-in. wheelbase is 
4 in. longer than last year’s 8-80, but it uses the same engine. 
Hudson’s new 8 has a 118-in. wheelbase. Chevrolet lists three 
models this year — the Master 85 without independent suspen- 
sion, the Master De Luxe, and The Special De Luxe. The 
Master De Luxe bridges the gap between the other two. 

Without exception wheelbases either have been increased or 
remain the same. Those of all Chrysler products are 3'4 in. 
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respectively. The electric drill is 
a part ol the test stand and is 
mounted so that it may be 
brought against the flywheel 
quickly. 

Bantam 
“Hillmaster” 4-cyl engine has 


Horsepower of the 


been increased about 20%. It 
now develops 22 bhp at 3800 
rpm, the bore and stroke having 
been enlarged to 2.26 x 3.125 in., 
and the compression ratio raised 
to 74:1. 

Output of the Lincoln-Zephyr 
r2-cyl engine has been raised 


from 110 to 120 hp at 3900 rpm 








Completely assembled engines now are balanced dynamically in Buick production. The photo- 
graph shows the set-up with the engine in place 


longer, with the exception of the Dodge and Crown Imperial 
which have been upped 2! in. and 14 in. respectively. Chey 
rolet wheelbase, at 113 in., is % in. longer; that of the Pontiac 
6 is up 1% in. to 116% in.; that of LaSalle 50 is up 3 in. to 
123 in.; at 113 and 125 in., Hudson 6 and Country Club 
Models are 1 and 3 in. longer respectively; and the Buick 
Special or 40 has a wheelbase increased 1 in. to 121 in. 


Engine 

One completely new engine and the inauguration of dy 
namic balancing of assembled engines highlight the develop 
ments in this field. A continued upward trend of compression 
ratios, going hand in hand with improvements in fuels, is 
indicated as one of the methods reported to boost output to 
handle larger, heavier cars. 

The completely new engine is the Packard 160-hp L-head 
Straight 8 used to power both Packard 160 and 180 Series cars. 
Bore and stroke are 34 x 4% in.; standard compression ratio 
is 6.45:1 with 6.85:1 optional. Hydraulic valve lifters appear 
for the first time in Packard production models in this engine. 
It develops 160 hp at 3500 rpm, and features nine main 
bearings. 

Complete dynamic balancing of assembled engines, includ 
ing clutch, flywheel, and accessories, is now employed for the 
first time in production by Buick. Using a General Motors 

» Research horizontal balancing machine, balance is now held 
within ¥% oz-in., whereas 14% oz-in. was the best that could 
be achieved previously. Although dynamic balancing of indi- 
vidual parts and sub-assemblies by conventional methods is 
still followed, the balancing of the complete engine has been 
adopted in order to eliminate the possibility that the rotating 
or reciprocating parts of any one engine may be on the high 
or the low side of the limits tolerated, causing a “stacking-up” 
of limits and resulting in vibration. 

The new balancing machine consists of a bed on which the 
complete engine is mounted and spun at critical speeds by a 
15-hp electric motor, and an oscillograph-type vibration indi 
cator. The vibration indicator is mounted at the side of the 
test fixture so that a vibration pickup rests against the engine 

‘being tested. The indicator is driven by a synchronous motor 
which is connected to the larger motor used to drive the 
engine so that the angle of light beam is synchronized with 
relation to flywheel rotation. The engine is brought into bal- 
ance by drilling the required depth of metal from the flywheel 
at the correct location, as determined by the amplitude of the 
projected vibration wave and the flywheel decrees indicated 


by increasing the cylinder bore 
from 2% to 2% in. 

Chrysler reports an increase 
in the output of the Royal and 
Windsor engine to 108 hp trom 
100 hp at 3600 rpm, and of the 
DeSoto from 93 to 100 hp, the improvement being partially 
due to a new high-lift camshaft. Compression ratio remains 
the same at 6.5:1. 

The Oldsmobile 60 is now powered by the same 6-cyl, 
a5-hp, 3 7/16 x 4% in. engine used in the 70. This change 
provides 5 hp more than the 6-cyl, go-hp, 3 7/16 x 3%-in. job 
used formerly. 

Horsepower of the LaSalle engine has been raised from 125 
to 130 at 3400 rpm through carburetion improvements. 

Compression ratios have been raised from 6.2:1 to 6.5:1 on 
all Pontiac engines. Revisions in combustion-chamber design 
were made in the 6-cyl cylinder head. With carburetion and 
manifold revisions, this change has raised outputs slightly, the 
De Luxe 8 engine with dual carburetion on the Torpedo & 
being rated at 103 hp at 3600 rpm. 

Hudson also has increased all compression ratios — from 
6.5:1 to 7:1 on the 6 and from 6.25:1 to 6.5:1 on the Super 6 
and 8. These increases plus carburetion changes have upped 
maximum outputs by 6 hp to g2,102, and 128 hp at 4000, 
4000, and 4200 rpm respectively. 

Compression ratios on all Willys production models hav« 
been increased to 6.4:1. The special Willys De Luxe coups 





The new Packard 160-hp Straight 8 engine has hydraulic 
valve lifters and a nine-bearing crankshaft 
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has a “hopped-up” engine with an aluminum cylinder head to 


give a7:il compression ratio; axle ratio IS 4.3: 1. 


a: 
Chevrolet has moved its engine 14 in. ahead and has made 
its slope 2 deg greater by raising the front end. 
have been made in the valve mechanism, and a larger pump 
and a more effective oil seal at the rear of the crankshaft are 
provided. 


Changes also 


Cylinders and Valves 

Packard's new 160-hp Straight 8 is equipped with Wilcox 
Rich hydraulic valve lifters which incorporate a newly devel 
oped steel barrel unit, and the oil-filter installation is arranged 
to filter the entire oil supply for the lifters. New cylinder 
heads on the Packard 120 and 6-cyl Pontiac engines incor 
porate improved combustion-chamber designs. 

Shorter push rods, by 2% in., made possible by a new tappet 
that has the push-rod seat brazed to the top of its cast-iron 


Chevrolet has 
adopted a two-part 


valve tappet in 
which the push-rod 
seat is brazed to 


the top of the cast- 

iron shell as shown. 

Push rods are short- 
er by 24% in. 


The new 
two-part tappet replaces the type in which the push-rod seat is 
located at the bottom of the tappet as an integral part. 


shell, teature the changes in Chevrolet's valve gear. 


Lincoln-Zephyr has adopted an aluminum-alloy timing gear. 
A new high-lift camshaft contributes to the increased output 
of the Chrysler Royal, Windsor, and DeSoto engines. 

Cyanide-hardening of the camshatt sprocket on the Pontiac 
6-cyl engines was started in late 
IN 1940. a new crown design, and 
self-locking connecting-rod bolt nuts replace the 
nuts and cotter pins used formerly. 


1939 and will be continued 
Pontiac valve covers are of 
castellated 
Granodized or iron- 
phosphate-coated tappets and chromium-nickel exhaust valves 
also are new in Pontiacs this year. 

Relocation of the distributor in the Hudson 6 engine neces 
sitated that the distributor gear on the camshaft be cut in the 
rear bearing journal and that a special cutout be machined in 
the camshaft bushing for the distributor support shaft gear. 


Pistons and Rings 


Aluminum-alloy pistons of all Chrysler products are now 
tin-plated. Thickness of Buick pistons has been 
the top land by 0.02 in., and the second land by 
making possible the use of a deeper top compression 


lands in 
increased 
0.01 In. 
ring. 


Crankshaft and Ventilation 

Willys crankshafts are equipped this year with four counter 
weights. A three-main-bearing crankshaft features Bantam’s 
new engine and replaces the two-main-bearing shaft used last 
year. Packard’s new 160-hp Straight 8 engine has a nine- 
bearing crankshaft carried in precision-type babbitt bearings. 
Ford 60 crankshaft main journals and crankpins have been 
increased from 


2.0 to 2.1 in. in diameter. 


Lengths of the front 


and center main journals have been increased from 1.25 to 1.5 
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in., and that of rear main journal has been increased trom 
1.63 to 2 in. Crankpins have been decreased in length from 
1.54 to 1.41 in., the result of increasing the thickness ot the 
crankcheeks. The slinger seal at the rear of the Chevrolet 


crankshaft has been replaced with and the 


wick type seal, 
ball check valve has been eliminated. 

\ copper ribbon filter unit has been placed in the ventilator 
outlet pipe of all Pontiac models to trap any dust that other 
wise might enter the engines of parked cars. Pontiac’s venti 
lator inlet and oil filler cap have been combined into a single 
unit. 


Lubrication 


Oil filters appear as standard equipment this year on the 
Plymouth Roadking and all Buicks. The two-stage type of 
filter is standard equipment on the new Packard 160 engine. 
All oil supplied to the Packard hydraulic valve 
hltered, 


lifters is 
and the unit acts as a bypass filter for the remainder 
of the engine. 

The capacity of Chevrolet's oil pump has been increased 
15% and the oil pressures at idling almost doubled, by widen 
ing the gears. A piston-type relief valve replaces the ball 
type. The oil-pump screen is now mounted on the rear inter 
mediate main bearing cap. The overflow pipe and sealing at 
the rocker-arm shafts in Chevrolets also have been revised to 
provide better control of the oil pressure; the hole at the top 
of the overflow pipe is now drilled and covered with a shield. 
Buick’s oil gage stick has been made more accessible. 


Cooling System 
1 almost all models the arrangement of baffles between the 
grilles and the radiator has been revised to direct maximum 
air flow to the radiator core corresponding to changes in the 
outline or position of grilles and core. 

Buick has raised the boiling point of its cooling solution by 
maintaining a pressure of 7 lb per sq in. in its cooling systems. 
The pressure is controlled by means of a valve in the radiator 
filler cap that is preloaded to relieve any pressure in the system 
above the desired value. The frontal area of the Buick Cen- 
tury radiator core has been increased 27 
resin-impregnated 


sq in. A composition 
washer replaces the 
washer as a water-pump seal. 


fabric carbon seal 

All Ford fans are mounted on the crankshaft this year. 
Louvers in Plymouth radiator grilles provide 270 sq in. addi- 
tional surface for air intake. Hudson is using three new 
cellular design radiator cores; has increased the height of the 
core on the Hudson 6; and increased the width and decreased 
the height on the 8-cyl models, with a net gain in frontal area. 

Pontiac has minimized the extent the bumper obstructs 
cooling air flow by providing a slotted-out bumper section in 
front of the radiator grilles. 


Fuel System 


Carburetors have come in for a great deal of attention, 
being responsible, wholly or in part, for many horsepowe1 
boosts. Horizontal-type intake manifolds, larger fuel pumps, 
and insulated fuel lines also make their appearance. Shallower 
gasoline tanks have assisted in lowering bodies, and some have 
a greater capacity. 

Four changes have been made in LaSalle carburetion. The 
throat diameter of the Carter carburetor has been increased 
from 1% in. to 14 in.; an auxiliary arrangement has been 
developed whereby fuel is metered to the jets by a vacuum 
metering the accelerator pump jets have been re 
designed so that the fuel path is shorter and straighter; and 
an internal vent has been installed in the carburetor to prevent 
vapor lock. 


system; 


Among the minor changes made in the carbu 
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retors for the 8-cyl Cadillacs is a decrease in the diameter of 
the metering jets to 0.049 in. 

Bantam has adopted the Zenith adjustable-jet single updraft 
carburetor. A new air filter and gasoline filter also are in- 
cluded and the intake manifold has been redesigned. Willys 
has changed to 1-in, Carter plain-tube carburetors. 

Hudson announces three new carburetors —a 1'4-in. single 
downdraft type for the Hudson 6, and two duplex downdratt 
units, one ot 1-in. size for the Super 6 and Country Club 6, 
and the other of 14-in. size for the 8-cyl models. The main 
body passage of carburetors on Pontiac 8-cyl engines has been 
increased \% in. in diameter. 

Buick’s choke stove has been redesigned to permit a shorter 
warm-up period. It consists of a tube of the heat-resistant 
alloy, Inconel, built through the exhaust manifold at the 
exhaust-manifold valve inlet where it is directly in the flame 
path. A shedder has been added to the choke to prevent the 
entrance of oil, and a lighter thermostat is used in the choke. 
In addition a “blocking cam” has been added which auto- 
matically positions the accelerator pedal for starting and pre- 
vents the “deloader” from operating until the engine has 
started. It functions only when the engine is cold. 

The intake manifold on Pontiac 8-cyl engines has been 
redesigned to accommodate the exhaust-manifold revision, re- 
placing the shallow V-type formerly used. All branches of the 
new part lie in a horizontal plane, and the diameter of the 
riser tube has been increased ¥g in. to accommodate the larger 
carburetor throat. The surplus fuel still pocket directly under 
the intake riser has been omitted. The two center branches of 
the intake manifold on Pontiac 6-cyl engines have been en- 
larged from 1% in. to 1% in. in diameter. Cadillac and 
LaSalle intake manifolds are now mounted parallel to the 
ground level, rather than to the inclined engine, to improve 
distribution so that fuel does not tend to run down to rear 
cylinders. 


Fuel pumps of the Cadillac and LaSalle 8-cyl engines have 


,been increased in capacity up to 25% by increasing the pump 


compression ratio. 

On all models except the Special and Super, Buick fuel 
pumps have been inverted to safeguard against pumping 
lubricating oil from the crankcase. A flexible Neoprene hose 
has been placed in the fuel line to damp out sound from the 
fuel pump and to prevent it from being conducted to the 
frame and body through the gasoline feed pipe. A gasoline 
filter made of a stack of thin perforated bronze rings has been 
used in Pontiac fuel pumps since late 1939. 

Chevrolet has made its gasoline tank shallower to assist in 
lowering the body and to give more room in the luggage 
space, at the same time increasing its capacity to 16 gal from 
14 gal. Willys also has increased the size of its gasoline tanks 


from 8Y, gal to 104 gal to increase driving range. 


Cadillac and LaSalle gasoline gages have been fitted with a 
special friction device on the operating arm to decrease pointer 
fluctuation, and the top of the tank has been embossed to 
provide clearance for the float when at the top. 


Exhaust System 


The straight-through type muffler on the Hudson 6 has 
been increased in length; the intermediate shell has been 
moved to the rear; and the inlet end has been increased in 
size from 1% in. to 2 in. The double-chamber muffler used 
on the 8-cyl models has been reinforced at the rear end. 
Hudson’s new front suspensions have necessitated new ex- 
haust pipes as the exhaust pipes now must pass behind the 
front-engine support instead of in front of it. New tail pipes 
also are used. Chevrolet’s muffler is housed in an oval shell 
to save height. Buick’s mufflers, of the same straight-through 
resonance type, are now made of terne plate to make them 


rust-proof. Cadillac and LaSalle have added a tuning chamber 
to the inlet pipe as well as to the outlet pipe of their mufflers. 
Back pressure has been reduced slightly by adding a cross-over 
passage between the inlet and return muffler pipes. 

A one-piece exhaust manifold replaces the two-piece type on 
all Pontiac 8-cyl engines, and the air tube has been eliminated. 
In the new design the exhaust damper is provided with posi- 
tive internal stops in both open and closed positions, eliminat- 
ing the former external stops. 

Lincoln-Zephyr exhaust manifolds are fitted with a thermo- 
stat valve this year. 


Lighting and Electrical System 

Almost universal adoption of the new sealed-beam lighting 
system overshadows developments in this field, and ties in 
with most of the changes made. Generator temperature regu- 
lation, glass-insulated windings, and a vacuum-controlled 
starter switch also are reported. 

The new sealed-beam headlight system, designed to provide 
the safest seeing that is technically practical, is common to an 
overwhelming majority of the 1940 models. The new system 
has two beams — a “traffic beam” for use wherever there is any 
trafic and a “country” beam for use only where there is no 
approaching trafic. The traffic beam is low enough to avoid 
glare and directs sharp, clear illumination to the sides of the 
road, especially to the right shoulder. In construction of this 
new sealed-beam headlamp, lens, reflector, and light source 
are all assembled permanently in a sealed unit. When the 
filament burns out, the unit is replaced with a new one. The 
reflector unit in the new headlamp is held to a sub-body by a 
retainer ring and three screws which may be loosened for 
removal of the unit. The sub-body forms a ball-and-socket 
joint with the lamp housing and is held to the housing by 
four coil springs, plus a vertical adjustment screw and a hori 
zontal adjustment screw. With this type of mounting, the 
horizontal light-beam adjustment can be made without dis 
turbing the vertical light beam setting and vice-versa. The 
reflector unit is provided with three locating lugs which fit 
into corresponding slots in the sub-body. These lugs are so 
located that the reflector unit can be mounted only in one 
position. 

The maximum intensity of the headlight beam in the new 
system is specified at 75,000 cp, the limit set by the Uniform 
Motor Vehicle Code, as compared with a previous maximum 
of 50,000 cp. Generator capacities have been enlarged to 33-35 
amp to provide the increased current needed to produce the 
larger quantity of light projected by the new units. Most of 
the new generators have both voltage and current regulation. 
The increase in electrical capacity, the improved aiming mech 
anism, and the necessity for a separate parking light make the 
new system more costly to produce. 

The new unit is made in two basic types — one with a glass 
reflector and the other with a metal reflector. The glass- 
reflector type employs a 40-w filament for the country beam, 
and a 30-w filament for the traffic beam, whereas the metal 
reflector type has 45 and 35-w filaments respectively. These 
values compare with the 27 and 20-w filaments used pre- 
viously for 32 cp bulbs on low-priced cars. The two types 
give the same light distribution on the road and are inter 
changeable so that a metal unit may be used to replace a glass 
unit or vice-versa. Installation is simple, a screwdriver being 
the only tool required. 

Control of the new lighting system has been standardized 
on all cars in which it is used so that either country or traffic 
beams can be obtained alternately by operation of a left-foot 
switch and so that a red pilot light on the instrument board 
is illuminated whenever the country beam is in use. (Details 
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of the user advantages of the new sealed beam system, to- 
gether with the story of its cooperative development have 
already appeared in the SAE Journal, September, 1939, pp. 
14-15.) 

Temperature regulation is provided in the Studebaker 
President generator by a bi-metal hinge spring which permits 
higher output when needed during severe winter operation. 
G lass- insulated armature windings feature Cadillac and 
LaSalle’s new generators. 

Capacity of 17-plate batteries for Ford, Mercury, and 
Lincoln-Zephyr has been stepped up from 100 amp-hr to 120 
amp-hr. “Battery-condition indicators” —the hot-wire type 
voltmeter calibrated for high, low, and normal condition in- 
troduced on the Mercury and De Luxe last year —are now 
provided on all Ford products. Chevrolet batteries are now 
mounted under the right side of the hood; they have the same 
capacity, but are higher and shorter with 15 plates instead 
ot 17. 

The distributor on the Hudson 6 has been moved from the 
right side near the rear end to a higher position at the top of 
the cylinder block at the extreme rear of the engine. Hudson 
also is silver-plating terminals exposed to the weather. 

Buick has come out with a new vacuum-controlled starting 
motor switch to preclude gear clashing. The actual contacts 
in the switch for closing the circuit are made by springs on a 
rotor. The contact thereon is caused by a wiping-action 
switch which produces a larger area of contact than formerly 
available 

The cut of the flywheel ring-gear teeth on Cadillac and 
LaSalle 8-cyl engines has been changed from a double chamfer 
to a single 45-deg chamfer on the tooth ends, in order to effect 
a smoother engagement with the starter pinion. 


Engine Mounting 


Sixty per cent more rubber is used in the mountings of the 
Buick Special and Century engines, being 39.38 cu in. instead 
of 24.90 cu in. Buick rear mountings are constructed so that 
the forward drive forces must be transmitted through more 
than twice the volume of insulating material as are the rear 
drive forces. To permit the travel of the movable part of the 
mounting to be greater in the forward direction than in re- 
verse, the front surface of the insulating material is not vulcan- 
ized to the inside of the mounting. The transmission steady- 
rest mounting is of similar construction, and the front 
mountings have been set at right angles to the rotational 
movement of the powerplant, with the area absorbing the 
movement increased considerably. 

Pontiac’s three new shear-type rubber mountings are placed 
at the same position as their predecessors and are designed to 
permit slightly greater freedom in a clockwise direction about 
the neutral axis. Bantam’s “Hillmaster” engine is supported 
on Firestone rubber mountings. 


Cluteh 


Ford 60's are equipped with semi-centrifugal clutches this 
year, the type now used by the entire Ford line. Cadillac and 
LaSalle also have changed over to the lighter, semi-centrifugal 
clutch in order to facilitate clutch action. To eliminate the 
effect of engine movement upon clutch engagement, the link- 
age between the clutch pedal and housing has been modified 
on Ford, Mercury, and Lincoln-Zephyr. 

The new Ford relay linkage consists of a lever and shaft 
and link intermediate between the clutch pedal and the clutch 
release shaft. The inner end of the intermediate lever shaft is 
designed so that it acts as a universal joint between this shaft 
and the clutch release shaft. On the Lincoln-Zephyr the 
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principle of operation is the same but the cross-member ar- 
rangement differs somewhat. 

The new clutch on the 1940 Plymouth is of the same type 
as previously used, but is provided with a lighter disc member 
to facilitate shifting. 

Pressed-steel clutch pedals replace drop-forged units on 
Packards and Chevrolets. 

The clutch-pedal assisting spring used on Hudson 1939 
8-cyl models now also is furnished on all 6-cyl cars. 

The facing area of the Chevrolet clutch has been increased 

» by enlarging the outside diameter to 9% in. and reducing 
the inside diameter to 64% in. The facings are now fastened 
to the clutch disc by two rows of rivets instead of one. Pedal 
pressure has been reduced slightly by lowering the rate of the 
pull-back spring. The clutch housing has been straightened 
by spreading the attaching bolts at the transmission end and 
by revising the rib design 

Buick is using a new type of clutch facing, and employs 
double-row riveting on the Special and Super clutches for the 
first time. Horse-shoe-shaped spring pads have been added to 
the release bearing retainer to prevent the yoke pins from 
cutting into the retainer. Both the clutch and brake pedals 
have new bronze bushings. 

Willys uses a new make of single-plate clutch, the Atwood. 


Transmission 


Easily the subject of the greatest interest in the transmission 
field is Oldsmobile’s new automatic transmission. Steering- 
column gearshifts are now standard equipment on all but a 
very few cars and are optional on most of the exceptions. 
A great deal of work has been done on making handshifting 
easier and quieter and, in addition, modifying the transmis- 
sion and shifting arrangement so that floors could be lowered. 
New features have been added to overdrives. Chrysler’s fluid 
drive is used on more models than last year. 

Oldsmobile’s “Hydra-Matic” transmission combines a four- 
speed automatic geared transmission with a “liquid flywheel.” 
The automatic transmission follows the same basic design as 
the one introduced by Oldsmobile several years ago, consisting 
primarily of two planetary gear sets which are constantly in 
mesh, in back of which is a reverse set. The liquid flywheel 
acts to cushion the impact of the gears as they shift auto 
matically, as well as to damp the torque reactions of the engine. 

The liquid flywheel is placed in front of the automatic 
transmission, replacing the clutch. No clutch pedals are pro- 
vided in cars equipped with the new transmission, control 
being accomplished entirely by accelerator and brake. Oil is 
supplied to the liquid flywheel from the transmission under 
a pressure of 30 lb per sq in. The planetary gear sets are 
placed in series as shown in the illustration so that power may 
be transmitted through either or both of the sets to produce 
either of four forward ratios or reverse. 

A centrifugal governor incorporated in the transmission 
selects the proper gear for each speed. The change from one 
gear to another is accomplished through hydraulically oper- 
ated pistons, in some cases assisted by springs, which control 
brake bands on the planetary gear sets and clutches within the 
planetary units. The speed at which the various shifts occur 
is governed by throttle position as well as by the centrifugal 
governor so that, as the throttle is opened, the gears shift at 
higher and higher speeds. Furthermore, the pressure on the 
brake band and clutches is varied in proportion to the throttle 
opening. The first feature permits maximum power and 
acceleration when needed, and the second reduces the seize 
of the brakes or clutch when relatively low torque is being 
transmitted. 
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First Gear - 3.658: ] Reduction 


Cross-section of Oldsmobile “Hydra-Matic" transmission showing the power flow in first gear 


When the transmission is in low gear, as shown in the 
sectional drawing, the brake bands of both gear sets are held 
against the drums and power is transmitted through two sets 
of gears as indicated by the lines of power flow. When 
second gear, the brake band of the forward gear is released 
and the power is transmitted through the rear gear set. In 
third gear, the brake band on the rear gear set is released and 
the front band tightened, and the drive is through the forward 
gear. When in fourth gear, the bands of both gear sets are 
released and power is transmitted directly through the trans- 
mission from the engine to the rear axle. In third and fourth 
gears the arrangement is such that the torque is split two 
ways, only about 40% going through the liquid flywheel. 
The remaining torque is carried rearward by an intermediate 
shaft and joins the portion of the torque that has gone 
through the liquid flywheel at the rear unit planet carrier. 
A feature of the transmission is that there is a geared reduc- 
tion between the crankshaft and the fluid flywheel when the 
car is started. The slower speed of the fluid driving member 
is claimed to reduce the tendency for the car to creep under 
idling conditions. Dividing the torque in third and fourth 
speeds so that only part of it goes through the liquid flywheel 
was done to minimize slip under normal driving conditions. 
The first gear ratio is 3.658:1; second, 2.533:1; third, 1 44421; 
fourth, 1:1; and reverse, 4.309:1. A 3.63:1 rear-axle ratio is 
used with the transmissions. 

Control is provided by a lever and sector segment mounted 
on the steering column directly beneath the steering wheel 
which can be adjusted to any one of four positions: neutral, 
high, low, and reverse. In the “high” position, all four for- 
ward gears automatically change from one to the other and 
back again at the proper speed and throttle position; cruising 


above 23 mph is in fourth gear. In the “low” position only low 
and second gears are available; this range is recommended for 
use only when going down steep hills or when pulling in 
heavy sand or mud. 

Where extra power and acceleration are needed, as when 
passing a car on the road, with the engine in the fourth-speed 
range, the transmission offers the same feature found in cur 
rent overdrives — pressing the accelerator all the way down 
beyond the full-throttle position instantly changes the gear 
from fourth to third. The gear is returned to fourth speed by 
partially releasing the accelerator. 

Fluid drive is applied more widely to Chryslers this year. 
The Crown Imperial carries fluid drive and overdrive as 
standard equipment. Fluid drive and overdrive are optional 
on the Saratoga and New Yorker. Overdrive alone is optional 
on the Chrysler Windsor but not on the Traveler or Royal. 
Fluid drive is offered only in conjunction with overdrive. 

Ford announces “finger-tip” or steering-column gearshifts 
on Fords, Mercury, and Lincoln-Zephyr. Steering-column 
mounted gearshifts, optional last year, are now standard equip- 
ment on all Nash products. They are of the type employing 
two shift rods with connections insulated for quiet operation. 
Steering-column shifts also appear as standard equipment on 
Willys De Luxe models for the first time and are optional on 
others. They are of the latest type in which the syncromesh 
has been modified to facilitate hand shifting. In addition, the 
steering-column shift is standard equipment on the Plymouth 
Roadking, now covering the entire Chrysler line. The shifting 
shaft, however, is mounted parallel to the steering column 
instead of inside it. 

Buick, Oldsmobile, and Pontiac also have modified their 
steering-column-shift transmissions to make shifting easier and 
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quieter, and to save space. The control lever operates in a small 
ball socket, with the ball seated in a tabric self-lubricated 
bushing. The gear-selecting mechanism enters the transmis 
sion trom the side; the cable cross-shift connection has been 
replaced by a rod; the notches on the shifter rail have been 
revised; the shifter-rail poppet or locating-ball spring pressure 
has been reduced; and the transmission cases have been modi 
hed to take care of the new shift mechanism, as also has the 
main shaft to take care of propeller-shaft and universal-joint 
modifications. In order to use the same propeller shaft for 
standard and “Hydra-Matic” transmission, Oldsmobile con 
ventional transmissions have been extended at the rear. Roller 
bearings replace bronze bushings as a mounting for the Pon 
tiac transmission countershaft. 

Cadillac and LaSalle have attacked the problem of provid 
ing easier shifting by increasing the leverage, increasing the 
length of the outer first and reverse shifting lever by 37% and 
that of the outer second and high lever by 20%. By a new 
method of fixing the shifter-shaft and shitter-tube relationship, 
the shifter tube slips over the shaft and is held against a 
bracket that is fixed to the tube by a pin. To prevent oil leak 
age oil seals on the countershaft and reverse idler shaft have 
been changed from cork to a composition of cork and Neo- 
prene and have been formed into a continuous seal; studs in 
the rear face of the propeller shaft replace screws. 

The standard transmission of the Studebaker Champion has 
been altered to accommodate a new solid propeller-shaft hook 
up by providing a Spicer balanced slip joint on the end of the 
transmission main shaft. Studebaker Commander and Presi 
dent transmissions have been rolled back from horizontal to 
vertical arrangement of main and countershafts without affect 
ing the floor height as the shifting mechanism remains at the 
side. The arrangement is similar to that of the Champion 
with the cross-shift taken care of by a selector box. 

Changes made in the Hudson steering-column shift include 
elimination of the two rubber grommets formerly used in the 
control-tube lower lever at the ball joint; lengthening of the 
control cable now made of single-strand Bowden wire; and 
lengthening of the upper control lever to place the knob in 
a more accessible position under the steering-wheel rim. 

Chevrolet’s vacuum shift has been modified and is standard 





1940 Cadillac and LaSalle steering-column gearshift. To 
obtain more leverage the lengths of the two sh'fting levers 
have been increased 
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In the 1940 Pontiac steering-column gearshift a rod replaces 

the former cable selector ard translates up-and-down motion 

of the control shaft into in-and-out motion of the shift bar by 
the bell-crank linkage shown 


The control column has been 
moved from the side to in front of the steering column, The 
gearshift lever is now a tubular steel stamping. The gearshift 
control rod now does double duty, as the gear selector rod has 
been eliminated. Gear selection is made by longitudinal move 
ment of the gearshift control shaft and shifting by its rotary 
movement; the shaft moves in a lubricated rubber bushing. 
The shifting mechanism has been moved from the top to the 
left side of the transmission to permit lowering the floorboard. 
Operating levers and shifter yokes are mounted on a guide 
bar of I-beam section which is bolted to the transmission cover 
and replaces the two shifter shafts. The major change in the 
transmission itself is the provision of helical gears for first and 
reverse, making all gears of this type. Synchronizers are 
equipped with two lugs instead of three. The transmission 
case and mainshaft are lengthened, and the splines at the rear 
are changed from the straight-sided type to the involute type. 

Chrysler transmissions have been redesigned so that the con 
trols enter the transmission case on the side, permitting the 
tunnel in the front compartment to be reduced and contribut 
ing to the lower bodies. Shifting has been facilitated by new 
synchronizers, round rails, and by improved tooth pointing on 
first and reverse gears which also have been widened 1/16 in. 
The straight roller bearings carrying the countershaft load 
have been lengthened ¥% in., and the transmission brake has 
been moved within easier reach. Transmission gear ratios of 
all Chrysler 8-cyl models have been raised so that they are the 
same as the 6-cyl cars. 


equipment on all models. 


All Fords now have the transmission equipped with a 
blocker-type synchronizer introduced last year in the Mercury. 

Overdrives are optional on all Willys, Nash, and Hudson 
models. As with all current Warner-built overdrives, they are 
of the type with which the driver can return to direct drive 
at any time by pressing the accelerator pedal all the way down 
past the full-throttle position. 
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Major revisions have been made in the Packard overdrive, 
especially in its method of control 


An important change has been made in the Packard over 
drive built by Warner Gear which is optional on all Packard 
cars. It employs the same gear arrangement, but the former 
combined centrifugal governor and clutch have been elimi- 
nated, and all changes from direct drive to overdrive and vice- 
versa are now made by movement of the pawl in and out ot 
engagement with the slotted head on the sun gear. Action 
of the pawl is controlled by a small independent governor- 
switch, mounted externally at the rear of the unit and driven 
from the speedometer drive gear. The governor-switch opens 
and closes the circuit at the car speeds for which it is set. In 
the new arrangement the solenoid acts to push the pawl into 
engagement when the car reaches the road speed for which 
the external governor is set (18-19 mph). (Formerly the ener- 
gized solenoid acted to pull the pawl from engagement with 
the slotted sun-gear hub). A friction balk-ring, carried on the 
sun-gear hub, prevents the pawl from actual engagement until 
the foot -is taken from the accelerator and the engine slows 
down to the speed of the sun gear when the balk-ring swings 
out and the pawl engages one of the sun-gear slots and, conse- 
quently, the overdrive. The solenoid main coil is then cut out 
automatically, and the pawl is held down by a small holding 
coil against the spring pressure. It returns to third gear auto- 
matically when slowing down to speeds below 17 mph. 

To get back to direct drive while above the overdrive speed, 
the procedure of pressing the accelerator beyond the wide-open 
position is the same as with other current overdrives; the sole- 
noid circuit is opened and the ignition is cut just long enough 
for the spring to withdraw the pawl from the slot. 

A feature of the new overdrive is a red indicator light on 
the instrument panel which lights whenever the car has passed 
the cut-in speed to tell the driver that he can go into over- 
drive if he so desires. It goes out as soon as the car is in 
overdrive or the speed drops below the cut-out value. The 
light is operated by an extra circuit in the solenoid. 


Propeller Shaft 


Longer, larger-diameter propeller shafts are reported — usu- 
ally to take care of wheelbase and horsepower increases. Stude- 
baker and Buick have changed their constructions. 

Instead of the conventional-type propeller shaft used in the 
1939 Studebaker Champion, wherein the slip joint was incor- 
porated in the propeller shaft and the forward flange retained 
at the rear of the transmission main shaft, the 1940 Champion 
with conventional transmission uses a propeller shaft of solid 
construction. The sliding section is taken care of by the front 
flange which is free to move fore and aft on a splined portion 
at the rear of the transmission main shaft. When overdrive is 
used, the conventional propeller shaft is retained. 

The propeller shaft for the Hudson Country Club 6 has 
been increased in tube diameter from 3 to 3% in.; the shafts 
of all models are of different lengths than last year. 


Chevrolet’s bushing-type universal joint at the transmission 
has been replaced by a needle-bearing type, and the front bush 
ing at the rear of the universal joint ‘s lengthened slightly to 
increase the bearing area. 

Buick torque tubes and propeller shafts now are single 
units 744% in. long, rather than the divided type used previ 
ously, placing the universal joint and torque ball directly back 
of the transmission. Diameter of the propeller shaft has been 
increased to 2% in. from 2 in., and the torque tube is flanged 
at both ends, bolting at the front to the torque ball and at the 
rear to the differential carrier, in all except the Limited mod 
els. The diameter of the torque tube on these models has 
been increased to 3% in. from 3 in. On the Limiteds the 
bronze steady-rest bushing on the front end of the torque tube 
now is lubricated automatically from the transmission. 


Rear Axle 

Where rear-axle ratios have been revised, only one exception 
to a downward trend has been noted. Rear-axle gear ratios 
have been dropped on all Packards—the Packard 6 from 
4.54:1 to 4.3:1; the 120 from 4.36:1 to 4.09:1. Three ratios 
are available on various models of the Packard 160 and 180 
3.92:1, 4.09:1, and 4.36:1, replacing 4.36:1 on the Super 8 and 
4.41:1 on the Packard 12 four-door sedans. The Packard 6 
has a new, lighter rear axle. The ratio of the Chevrolet Spe- 
cial De Luxe also is lower — 4.111:1 as compared with 4.222:1 
last year. On the other hand, the Pontiac Special 6 rear-axle 
ratio has been raised from 4.1:1 to 4.3:1, making it and op 
tional ratios the same as the rest of the line. 

The new Cadillac Fleetwood 72 has a new rear axle with a 
4.31:1 ratio. The Chrysler Crown Imperial’s new rear axle 
is lighter, and incorporates a barrel-type differential case to 
permit larger differential gears. 

The tread of the Studebaker Commander and President rear 
axle has been increased 14 in. to permit a wider rear seat. 

Hudson rear-axle housings are of heavier construction. The 
tube wall thickness and banjo-section wall thickness have been 
increased, and the banjo section has been revised to give a 
more gradual sweeping contour into the tube section. 

On all Buick models except the Limiteds, the differential 
carrier to axle housing flange has been moved back closer to 
the differential side-bearing pedestal, and the front and rear 
pinion bearings are larger. 


Brakes 

Adoption of hydraulic brakes as standard equipment on all 
Willys cars this year makes their use virtually universal; they 
are of the double-anchor type. Drums are of nickel-chromium 
alloy cast iron, g in. in diameter. 

Size of brakes on Buick Century and Roadmaster has 
been increased to 12 x 2% in., and the Buick Limited Series 
80 now has 14 x 2-in. brakes, or an increase of 25 and 33.2 sq in. 
respectively. Brake sizes of the Oldsmobile 8 also have been 
changed from 12 x 1% in. to 11 Xx 2 in. 

Steel brake drums with centrifugally cast iron linings are 
new on all Ford products this year, replacing cast-iron rings 
bolted to steel hub flanges. 

A new type of double cylinder has been provided on the 
front brakes of Chrysler Travelers, New Yorkers, Saratogas, 
and Crown Imperials to give increased braking power and 
smoothness. Brake drums on Plymouths, DeSotos, and 
Dodges are superfinished for the first time this year. The 
handbrake lever on all Chrysler products has been brought 
1¥, in. nearer the driver. The division of braking effect be 
tween front and rear brakes has been changed to suit the 
change in weight distribution of Chrysler products. 

Pressed-steel brake and clutch pedals replace drop-forged 
units in Packards and Chevrolets. 

Detailed changes made in the double-anchor brakes of the 
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Hudson 6 include a new chamtered nut and felt washer which 
replaces a brass washer and castellated nut. “New primary 
molded linings appear on all Hudson models. 

Instead of being mounted on a separate bracket, the pedals 
and master cylinder ot Chevrolet brakes now are mounted 
on the frame second cross-member brace. In the hand brakes 
one-piece cables from the idler lever to the rear brakes replace 
two pull rods and short cables formerly used in combination. 


Wheels, Rims. and Tires 


Changes in tire sizes follow the weight trends in most cases. 
For example, on two of the most striking examples of weight 
reduction, the Packard 6 and the Packard 120, sizes of the 4 
ply tres have been reduced to 6.25-16 from 6.50-16 and to 6.50 
16 from 7.00-16 respectively. It is significant to observe that 
these tire size reductions themselves are part of the overall 
weight reduction of the cars. 

To correspond with the weight trend, however, increases in 
size are in the majority. 

Tire sizes have been increased on the Oldsmobile 70 to 
6.50-16 from 6.00-16 and, on the Oldsmobile go, to 7.00-15 
from 6.50-16. Studebaker Commanders have 6.25-16 tires 
instead of 6.00-16 furnished last year, and Buick short-wheel 
base Limiteds, Series 80, are now equipped with 7.50-16 four 
ply tires compared with 7.00-16 four-ply tires used last year. 

Chrysler’s tire sizes also have been realigned. Royal and 
Windsor models have 6.25-16 Goodyear tires, except the eight- 
passenger Windsors which have 6.50-16; Travelers have 6.50 
16. New Yorkers and Saratogas have 7.00-15; and Crown 
Imperials have 7.50-15 with Goodyear Lifeguard tubes as 
standard equipment. 

Packard 160 and 180 short-wheelbase models use 7.00-16 
four-ply tires; the long-wheelbase cars use 7.00-16 six-ply. The 
tires of the 148-in. wheelbase Packard 180 are made with 
rayon twist cords. 

Wheel-rim width on all Hudsons, except wheels used on 
Hudson 6 Travelers Series and those used with 7.00-15 op- 
tional tires, has been increased 14 in. 

Studebaker Commander and President have larger hub 
discs. Ford “curve-disc” wheels are the same type used on 
Lincoln-Zephyr last year. Chevrolet hub caps also are larger. 

The left side wheel on the hub attachment has been changed 
to left-hand thread to oppose the rotation of the wheel on all 
Chrysler products except Dodge which had this feature last 
year. 


Rear Suspension and Torque Members 

Longer leaf springs with lower rates, adoption of tension 
type or rubber shackles in several makes and larger-diameter 
coil springs on another make feature the spring developments. 
New stabilizers are announced on several lines and others 
have made modifications in these units. 

Hudson’s rear springs are all 60 in. long, being increased 12 
in. on the 6 and 7% in. on the remainder of the models. The 
rear springs of both LaSalles and the Cadillac 62 also have 
been lengthened, resulting in a lower rate. They are now 
54 in. instead of 52 in. long. New spring clips, rubber- 
bushed front mountings, and new self-adjusting shackles fea- 
ture the new Hudson spring installation. 

Harris rubber shackles replace threaded shackles on the rear 
springs of the Studebaker President and Commander. 

Willys rear springs are the same length, but the leaves are 
of parabolic section to match the fronts. 

Tension-type shackles replace the compression type for 
mounting the rear springs of all Chevrolets and short-wheel- 
base (122 and 127 in.) Packards. The Packard rubber-cored 
shackles are held in a gooseneck spring-steel mounting. Cali- 
bration of Packard rear springs has been changed to tie in 
with shock-absorber changes, and 2 rubber inserts, 3 Silenite 
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fabric inserts, and 1 lead insert now are used between the 
leaves to give the desired frictional control. 

Inside diameter of Buick rear coil springs had been in 
creased to 5, in., permitting installation of a shorter spring. 
These springs are now 3 in. closer to the centerline of the 
housing and above it. This change, combined with the greater 
length of the single-unit torque tube, is claimed to have re 
duced greatly the upward force of the torque tube at the 
torque ball produced by the weight of the body and frame 
pivoting about the centerline of the axle. Buick rear shock ab 
sorbers on all models except the Limiteds have been relocated; 
they now are mounted on the rear brake backing plates rathet 
than on the trame. 

Spring relocation has permitted use of a transverse radius 
rod 77% in. longer on these Buick models, on the rear of which 
a new stabilizer also has been added. With the exception ot 
the Travelers and Utility Series, Hudsons are provided with 
a new rear lateral stabilizer. This steel bar is attached to a 
bracket on the frame side rail and to a bracket welded on the 
rear-axle housing through rubber grommets. 

On the short-wheelbase Packards the sway bar has been 
moved from the rear to the front. An additional sway bar 
is mounted just in front of the rear axle on the long wheelbase 
(138 and 148 in.) models of the Packard 160 and 180, fastened 
to the arms of the shock absorber. The fifth shock absorber 
and lateral stabilizer is still standard on all Packards except 
the 6 where stabilizer action is achieved by mounting the di- 
rect-acting rear shock absorbers so that the upper ends incline 
toward the center of the chassis. On other short-wheelbase 
models the shock absorbers incline forward. 

Metal spring covers are now standard equipment on the 
entire Studebaker line, and fabric covers on the Hudson. 


Front Suspension and Stabilizers 
Two new converts to independent front suspension, increased 
lengths of conventional suspensions, joint improvements, and 
a new stabilizer bar feature the front-suspension changes. 
Nash and Hudson introduce independent front suspension 
on all models. They both employ coil springs of silicon 





The new Hudson and Nash independent front-wheel suspen- 
sions. The Hudson design at the top locates direct-acting 
telescopic shock absorbers within the coil springs as shown 
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manganese steel, wishbone-type links, and torsional stabilizer. 
A feature of the Hudson suspension is that direct-action tele 
scopic shock absorbers are located within the coil springs. 

Length of Willys front springs has been increased about 
3 in. to 36% in., and leaves are of parabolic section similar to 
those introduced last year on Pontiacs. Front springs are 
shackled at the front and anchored at the rear. Rubber-lined 
spring clips are employed. 

To compensate for changes in weight distribution the deflec 
tion rate of Chevrolet’s independent front suspension has been 
increased from 106 to 111 |b per in. during the initial wheel 
travel. This suspension is standard on the Special De Luxe, 
optional on the Master De Luxe, and not available on the 
Master 85. 

The Master 85 front leaf springs are now shackled at the 
front instead of the rear. An auxiliary spring bumper has 
been added. 

On all Buick models except the Limiteds the angle of the 
front suspensions has been rotated backward 4 deg with the 
object of preventing road thump from being transferred to 
the passenger compartment. In this position the suspension 
is said to “give” slightly with road bumps, much as a boxer 
rolls with a punch, rather than to take a head-on blow. Com- 
position bushings with steel shell are used to secure the inner 
ends of the lower arms to the inner shafts on all models except 
the Limiteds which use threaded steel bushings. Rubber seals 
are used at the outer ends of the control arms on all except 
the Limiteds; they encircle the pivot pins between the arms 
and the knuckle support. On the Limiteds rubber seals are 
now used at the inner ends of the lower control arms. The 
outer ends of the lower control arms on all Buicks are con 
nected by threaded bushings and pins to the knuckle support, 
and the upper end of the knuckle support is fastened by 
threaded pins and bushings to the shock-absorber arms. 

On the LaSalles and Cadillac 62 front suspensions, threaded 
inner bushings on the lower control arm replace the rubber 
bushings formerly used; they are protected by rubber seals. 
Knuckle supports on these cars are heavier. 

A new Harris bushing is used to attach the torque arm of 
the front suspension to the frame on all short-wheelbase Pack 
ards (122 and 127 in.), instead of the spherical rubber bearing 
being continued on all long-wheelbase models. 





Each end of the new stabilizer furnished on Ford 85 and 
Mercury is coupled to the front axle as shown. The ends slide 
in oilless bearings 
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Ford 85 and Mercury are equipped with a torsion bar rick 
stabilizer of unique design to relieve the front transvers« 
spring, which is 1.94 in. longer, ot the necessity ot providing 
lateral stability. The stabilizer is mounted transversely fos 
ward of the front axle and is fastened to the sides of the 
frame by steel brackets containing rubber bushings. The ends 
of the bar are coupled directly to the axie through oilless bear 
ings in which they slide. These bearings are enclosed in rub 
ber covers. The Cadillac 60 Special has a heavier front stabi 
lizer. The Hudson stabilizer is now mounted in brackets on 
the top flanges of the frame side member instead ot under 
neath. 

Frame 

Longer wheelbases, lower floors, and wider bodies hav 
necessitated redesign of many frames to provide the sam 
ground clearance at the rear axle. As a result the frame cross 
member of all Chryslers has been redesigned, and the angle 
of the kick-up has been made sharper. Hudson and Nash 
frames incorporate a redesigned front cross-member assembly 
to support the new independent suspensions. The side-rail 
thickness on the frames for the Super 6, Country Club 6, and 
Hudson 8 also is heavier than last year. The larger, lowe: 
body of the Pontiac 25 or Special 6 has necessitated a new 
frame. 

Chevrolet trames have been revised, mostly to lower the 
floor by dropping the frame side rails 2*%4 in. without lowering 
the front or rear axle kick-ups, and the frame back of the 
rear kick-up has been lowered * in. to provide a deeper lug 
gage space. From the dash back to the rear of the frame, the 
side rails are spread 2 in. farther apart. To make the frame 
entirely of box-girder construction, two cross-members wer 
eliminated and a pair of box-section braces added which extend 
diagonally forward from the second cross-member to the fram« 
side rails. The functions of the eliminated members have 
been taken care of in a different way. The frames are 4% in. 
longer than last year, and the center portion of the front cross 
member has been raised to increase the engine inclination. 

Complete new, wider frames have been necessitated for all 
cars employing the new “Torpedo” bodies — the Buick Super 
and Roadmaster, the Pontiac and Oldsmobile 8’s, the LaSalle 
Special, and the Cadillac 62. They feature box-section sid 
rails and wide X-member flanges. From the dash to the reat 
the side rails are parallel. 

Buick Special and Century frame side rails are *4 in. 
deeper at the start of the rear kick-up, progressing to 1 in. 
deeper at the dash, and a thicker metal stock is used. The 
depth at the center of the X-member also has been increased. 
The front cross‘member and engine cross-member of the 
Limited frames have been strengthened. Buick full-length 
engine side pans attach to the frame only. 

Frames of both LaSalles and the Cadillac 62 also have been 
revised, using heavier stock for the side rails and X-member 
sections and decreasing side-rail depth about 1 in. The X 
member arms have been extended farther forward and join 
the side rails several inches in front of the dash. The X 
member is of three-piece welded I-beam construction. 


Steering Gear and Control 

With the goal still easier steering, new types of gear and 
geometry have been adopted, anti-friction bearings added, 
and ratios raised. A bevy of two and three-spoke plastic 
wheels of new design will be seen in 1940 cars. 

So-called “center-point” steering is announced for all Hud 
son models. In this arrangement the links connected to the 
knuckle arms are connected pivotally to a steering arm neat 
the center of the chassis. Steering ratio of the Country Club 
models has been raised from 18.2 to 18.4:1. Minor changes 
in the location of the roller tooth shaft have been made. Many 
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of the parts have been increased in size in the Country Club 
models. 

Front suspension revisions in the Chevrolet Master 85 have 
permitted steering modifications. The rubber-insulated pit 
man arm has been replaced by one of the conventional all-steel 
type; the drag link is shorter and straight; and its front socket 
has been changed to the capped-type construction. 

All Willys steering gears now are of the worm-and-roller 
type, replacing the worm-and-sector type, to reduce steering 
effort. A ball-bearing worm-and-nut gear is introduced on the 
new Cadillac Fleetwood 72. The Willys steering wheel has 
been lowered, and the steering column has been made ad 
justable in two positions 114 in. apart — low and high. 

Gemmer worm-and-roller type steering gear used on Nash 
products has been modified to produce higher steering ratios 
and smaller turning radii, the steering ratio being raised to 
18.2:1 on the LaFayette and Ambassador 6, and to 20.25:1 on 
the Ambassador 8, and the turning radii being lowered to 
1814, 19, and 20 ft respectively. 

The pitman arm of the Studebaker steering gear now has 
rubber bushings for the connection to the drag link. 

Both lower and upper kingpin bushings now are the float 
ing type in all Pontiacs, and the size of the steering-knuckle 
inner-wheel bearing seat has been increased 3/32 in. in 
diameter. 

Chrysler now mounts both shafts of the steering gear on 
anti-friction bearings. 

New plastic wheels of various design appear on many mod- 
els. All have a spoke arrangement that provides clear vision 
through the upper part. 

Recessed into the three T-shaped spokes of the new Pontiac 
Torpedo 8 wheel, are three T-shaped horn-actuating spokes. 
The spokes of Willys wheels are offset below the centerline to 
give a “ram’s horn” or handlebar effect, the same type used 
by Lincoln-Zephyr. Two-spoke plastic steering wheels also 
appear on all Ford and Hudson products. Plastic wheels of 
the Studebaker Commander and President follow the design 
of the Champion which has uneven spoke spacing to improve 
vision. Buick’s new wheels with horn-actuating rim are stand 
ard on all models except the Special and Century. 


Equipment 

Evolution of the direction signal continues with four slight 
ly different systems available this year instead of one, indicat 
ing the ultimate possibility of the universal adoption of a 
more or less standardized design. More and more signal 
lights flash on the windshields to warn the driver about more 
and more things. Shock absorbers have been revised, re 
arranged, and several new heating systems are announced. 

Direction signals evidence considerable development work 
since their introduction on last year’s Buicks. The most ap 
parent change is the addition of a front flashing signal in the 
parking light. This year three additional systems make their 
bow. 

Buick’s 1940 version is unique in that the direction-signal 
lights are turned off automatically at the completion of a turn, 
but they also may be turned off manually. The switch lever 
for operating this mechanism is located under the steering 
wheel above the gearshift lever, and is flipped up for left 
turns and down for right turns. Left or right pilot lights on 
the instrument boards in the form of arrows flash when the 
direction signals on the corresponding side are in operation. 
The automatic turn-off is accomplished by a mechanism that 
breaks the circuit when the wheel returns to straight-ahead 
position. The front signals flash from the 21-cp filaments of 
the parking lights located directly on top of the fender above 
the headlamps. The rear signals have been redesigned with 
a larger glass area and 32-cp flashing lights instead of 21 cp. 

Cadillac and LaSalle’s system is similar to Buick’s, except 
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Buick's 1940 direction-signal system incorporates front flashing 
signals and an automatic turn-off 


that it has no automatic turn-off and the control and pilot light 
are arranged differently. It is standard equipment on all mod- 
els. The control lever is mounted on the left side of the 
steering-wheel hub. The lever is pushed up for a right turn 
and vice-versa. A red indicator light flashes on and off to 
notify the driver when the lights are flashing a turn signal. 

A modification of the Buick and Cadillac direction signals 
is offered as optional equipment on Chevrolet, Oldsmobile, 
and Pontiac. It does not have Buick’s automatic knock-down 
feature. The control lever is mounted on the left-hand side 
of the steering column opposite the gearshift lever. Whereas 
the Buick and Cadillac systems do not interfere with the stop 
light circuits, the optional system uses the same filament for 
stop signal and flash signal so that, if the brakes are applied 
while signaling for a turn, one side will be flashing and the 
other will be a steady stop light. The flasher unit usually is 
mounted under the instrument panel. To adapt the fender 
parking lights to the direction-signal system, a double-flament 
3-21 cp bulb replaces the single-filament type. 

Hudson’s design is standard equipment on its Country 
Club line and optional on all others. It consists of a die-cast 
housing mounted under the steering wheel containing a switch 
and three buttons, two marked “R” and “L” and a plain 
button between them which is used as a release or shut-off. 
The buttons are wired te a flasher switch mounted on the 
instrument panel and to the front parking lights and tail 
lamps, each of which contains a 3-21 cp bulb. Pushing the 
“R” button starts the right parking light and tail lamp flash- 
ing 80 times per min., and lights a signal lamp in the case 
just below the buttons. 

Four safety signals, in addition to that on the speedometer 
and sealed-beam country headlight beam, have been added to 
the instrument boards of all cars made by Chrysler. These 
signal lights flash a warning when the gasoline supply is low; 
the oil pressure drops; the cooling-water temperature is too 
high; and the ammeter discharge is excessive. 

Packard has adopted the “safety-signal” speedometer intro- 
duced in the industry last year which indicates the speed 
range in which the car is traveling by the color of its illumi- 
nated Lucite pointer. 
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Studebaker's new hood lock is operated by a lever located 
alongside the steering column 


Front shock absorbers on all short-wheelbase Packards (122 
and 127 in.) now are of the double-acting parallel-cylinder 
type, that is, the piston and arm arrangement of the cylinders 
alone has been changed. Double-acting end-to-end-discharge 
shock absorbers are employed for the front suspension of the 
long-wheelbase models. For the rear suspensions of short- 
wheelbase Packards direct-acting shock absorbers are used. 
The fifth shock absorber has been eliminated on the Packard 
6, and the stabilizer action secured by mounting the direct- 
acting shock absorbers so that their upper ends incline toward 
the center of the chassis. Fifth shock absorbers are continued 
on all other models. On all other short-wheelbase Packards 
the rear shock absorbers are mounted parallel and slope for- 
ward from the axle to the frame. Piston-type double-acting 
shock absorbers are used on the long-wheelbase models. 

Bantam has adopted Monroe one-way shock absorbers. Wil- 
lys shock absorbers have a larger diameter piston rod, and 
a rubber-lined eye at each end of the front shock absorber 
replaces the two rubber biscuits above and below a bracket 
at the bottom of the shock absorber used last year. The latter 
change was made to eliminate small ranges of motion not 
controlled by the shock absorber. All Fords and Mercurys 
are equipped with new double-acting hydraulic shock ab- 
sorbers with self-sealing packing gland. 

Hood locks now are standard equipment on the Studebaker 
line; they are controlled by a lever mounted alongside the 
steering column. If the driver forgets to lock the hood, the 
position of the control lever in the way of his knee will serve 
as a reminder. Oldsmobile also has added a hood lock under 
the dash of all cars. 

Chevrolet’s hood lock incorporates a counter-balancing de- 


vice to facilitate opening and closing the hood in which a 


spring-loaded hinge on each side of the cowl assists in raising 
the alligator-type hood. When the hood is closed, it is locked 
automatically. 

Rotary-type locks appear on the doors of 1940 Hudsons 
and Plymouths. As the door is closed on the Hudsons, the 
pivoted striker device is rotated partially to permit the bolt to 
pass the striker member so that the door locks with a smooth 
wedging action. The lock of Buick’s new ignition switch 
has two “off” positions, one is the conventional “locked off,” 
the other an “unlocked off.” The key may be removed for 
either position, eliminating the necessity for leaving the key 
when leaving the car in a public garage or parking lot. The 
lock has been moved to a lower section of the instrument 


panel. 


As running boards disappear, more overhead radio aerials 
will be seen. Buick, Cadillac, and LaSalle have adopted a 
vacuum-operated telescopic one for all models. Buick’s is 
located in the front of the windshield center post; Cadillac’s 
and LaSalle’s on the inside of the cowl on the left. It can be 
rotated 180-deg downward or upward, and can be extended 
or retracted 20 in. 

Buick also introduces a new type of jack which consists of 
two units—a jack and a supporting unit. In operation, the 
jack is applied to the outside of the wheel by means of a lug 
on the top of the jack which fits into the rim. After the car 
is raised, the supporting unit is slipped under the axle behind 
the wheel by means of its folding handle. Chrysler this year 
supplies jacks used under the spring instead of the bumper 
type furnished previously. 

Twin horns are standard on all Hudsons except the lowest 
price 6. 

Pontiac’s bumper is of the double-bar type; the section in 
front of the radiator grilles has been slotted out so that it 
blocks a minimum amount of air from entering the radiator 
grilles. 

General Motors announces an under-the-seat heater as op- 
tional equipment to give better heat control, especially in the 
lower parts of the interior. It can be combined with the 
dash-mounted heater, a dash-mounted defroster, or with a 
fresh-air intake. Its capacity is considerably higher than the 
dash-mounted heaters. One or two units, with one under each 
front seat, can be furnished. 

Nash’s “weather-eye” heating and ventilating system has 
been modified further this year, the “weather-eye” control 
device being mounted on top of the instrument panel near the 
windshield. 

As optional equipment on Chryslers, DeSotos, Dodges, and 
Plymouths, a new twin-unit heating and ventilating system is 
offered. The twin units are mounted on each side behind the 
dash. In operation, fresh air enters through the cowl ventila- 
tor; passes successively through a water separator, filter, heater 
radiator; and is delivered to the body through sidewall air 
vents and a direction damper. The warm air supplied to the 
defroster vents can be controlled by the driver. A temperature 
control graduates the amount of water circulated through the 
heater radiators. By means of a front compartment ventilator, 
air can be admitted directly from the cowl ventilator into the 
front compartment without passing through the rain separa- 
tor, filter, or heater radiators. 


Grilles and Sheet Metal 

New massive one-piece fenders that also include an integral- 
ly drawn headlamp housing, the front shroud dropping below 
the bumper line, and the entire hood side, all drawn from a 
single blank, not only enhance appearance of many 1940 mod 
els, but also touch a new ceiling in the art of drawing metals. 
Generally speaking, front ends look more alike than ever 
before. Hoods are longer and lower; radiator grilles have 
wider and longer horizontal bars; and headlamps are faired 
into the fenders with parking lights either on top or on either 
side. Considerably more flash and dress-up with added 
chrome and enamel give a touch reminiscent of the booming 
20’s. Die-cast zinc-alloy grilles are used more widely than ever 
before. 


Body 


Bodies generally are wider, lower, and more rigid. Wind- 
shield and window glass areas are larger and employ a new 
cold-resistant safety glass almost universally. Running boards 
continue to disappear. Use of foamed-rubber cushions has 
spread to many more models. Many new plastic parts decorate 
the bodies inside and out. 

The trend toward greater structural strength and rigidity 
in conventional-type bodies, along with greater roominess and 
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modern lines, is well exemplified by the so-called “Torpedo” 
bodies developed by General Motors and appearing this year 
on the Buick Super and Roadmaster, the Oldsmobile and 
Pontiac 8’s, the LaSalle Special 52, and the Cadillac 62. They 
are available only in the four-door sedan and the two-door 
coupe with a full rear seat. 

The new structures extend the application of “double 
walled” or box-section construction. Both rear quarter win- 
dows and doors are formed from the usual outer panels and 
reinforced with additional metal inner panels. A box-section 
roof rail begins at the bottom of the cowl on each side, extends 
up the cowl sides through the windshield post to the roof, 
then along the roof to the back end of the body, and down the 
frame to the wheelhouse at the rear. 

The box-section rocker panel extends along the bottom of 
the body on each side from the front pillars to the wheel- 
house. The rocker panels are connected to each other from 
one side of the body to the other by six floor-supporting chan- 
nel cross-bars, and the rear ends of the two rocker panels are 
tied together by a box-section cross-bar under the rear seat. At 
the top of the kick-up is another box member that ties the 
wheel housings together and serves as the rear anchorage for 
the roof rails. 

The center body posts are formed of three channel sections 
welded together to form a single box-section post. The cowl 
is braced with both diagonal box-section and horizontal chan- 
nel section braces. Bodies are mounted on the frame with 
two rows of bolts on each side. The inner row bolts the body 
to the frame side rail, and the outer row secures the rocker 
panel to body brackets extending out from the frame. These 
bodies are furnished without running boards. Torpedo bodies 
are lower and wider at the front seat than any others in all 
lines in which they are used, with a width at the front seat 
of 60 in. in the four-door sedan. 

Other features of these bodies include a 44-deg windshield; 
concealed hinges throughout; C-V ventilators in the rear door; 
large-area curved tempered plate glass in rear windows; elimi- 
nation of rear-quarter windows; front doors hinged at the 


front body pillars; and rear doors hinged at the center pillars. 
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Into almost universal use this year has come the type ol 
safety glass in which the sandwich layer between the glass 
laminations consists of polyvinyl acetal resin, 0.015 in. thick. 
Two types of glass are being used, one in which the lamina 
tions are plate glass and the other in which they are sheet 
glass. 

The trend of increasing windshield and window area con 
tinues but at a slightly decelerated rate from last year. The 
Studebaker President and Commander have increased theirs 
by raising the windshield 1% in. and narrowing the body 
front post % in. Front door posts are also % in. narrower, 
and rear windows are larger with a narrower center strip. 
Hudson windshield depth has been increased 2 in. right 
through the line. Chevrolet windshields are higher and wider 
with a glass increase of 64 sq in., and all windows are larger. 
Pontiac’s Special 6 windshield is 14 in. wider and 1 in. 
deeper. Studebaker Presidents and Commanders, Buick Spe- 
cial, Century, and Series 80 Limiteds now have sliding-type 
rear quarter windows. Rear quarter windows have been 
enlarged up to 33% in Chrysler and DeSoto; less on Dodge 
and Plymouth; “A” posts are narrower. Plymouth’s wind 
shield has been increased in width. Fixed windshields are now 
employed on all Ford products, with wipers operated from 
the base of the shield. Glass area of the Lincoln-Zephyr has 
been increased by 500 sq in., with the bottom of the wind- 
shield 1% in. lower and the belt line of the windows lowered 
nearly 2 in. Rear windows of tempered plate glass curved 
to blend with the rear profile of the car have been adopted 
widely for sedans of cars in the medium and _ higher-price 
brackets, and the former divider strips have been eliminated. 

Glass ventilating wings are provided on Ford, Mercury, Lin 
coln-Zephyr, and Willys. Those on Ford products are pivoted 
so that, as the wings are opened, they tilt back, directing the 
air toward the top of the car, and so that they open less at 
the top than at the bottom to keep out rain. The rear window 
section, with its metal support bar, can be lowered. The 
Buick Series 90 Limiteds have a C-V ventilator in each rear 
quarter window. 

Studebaker President and Commander rear seat cushions 
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Construction of Torpedo body built by Fisher 


AA. Box-section body roof rail from cowl through windshield post to wheelhouse. 


BB. Box-section 


rocker panel extending from front-door pillar wheelhouse. 


C.  Box-section center door pillar consisting of three channel sections welded. 


D.  Box-section cross-member ties rear ends of rocker panels together under front of reor seot. 
E. Box-section cross-member at back of rear seat back. 
F "Z" section cross-member at rear of body. 


GG. Metal inner panels for double-wall construction. 


HH. Floor supported on six channel bars extending from rocker panel on one side to rocker panel on other side. 
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have been widened 1/, 
the lengthened rear axle. 

Willys has gained leg room in the rear of its de luxe models 
and saved weight through the use of tront-seat frames ot 
tubular construction with more compact springs. Interior 
door edges are trimmed with leather-covered sponge-rubber 
tufting. 

Ford also has modified seat design to gain space. By 
decreasing the thickness and changing the contour of a 
front seat backs, 4 in. additional room has been gained i 
the rear compartment of Ford sedans. Ford front seats dis 
are 4 in. lower and the rear seat 1% in. lower. Buick and 
Pontiac front seats have a new seat adjuster with the release 
on the side. 

Door handles taired into the chrome body molding, and 
concealed door hinges are two safety features now found on 
the entire Studebaker line, as well as on the Buick 50 and 
70. Concealed door hinges are also found on _ Lincoln- 
Zephyr, and front door hinges are concealed on all Chrysler 
products this year. Safety-type rear door inside handles — that 
is, handles which are inoperative when the remote control lock 
knob is down—are furnished on all Cadillacs and LaSalles 
and on all Buicks except the Limiteds. 

Nash introduces “sand-mortex” soundproofing, in which 
grains of sand are suspended in a compound to deflect sound 
waves, to insulate the lower part of its bodies. Another type 
of insulation, “Fabreeka,” is used between the body and 
frame. 

The use of foamed-rubber cushions has spread considerably 
to include many cars in the medium-price brackets. They are 
furnished as standard equipment on all Cadillacs and LaSalles, 
Pontiac Torpedo 8, Nash Ambassador 8 and Ambassador 6, 
all Hudsons except the 6 and 6 De Luxe, all Chryslers, Olds- 
mobile 8, and all Buicks except the Special, Packard 160 and 
180, and are optional on many other lower-priced models. 

The appearance of many more models furnished without 
running boards, or with running boards optional, and of 
hg on which running boards cannot be had, coupled with 
the general lowering of floors and widening of bodies, 
strengthens the belief that running boards are on the way out. 
The six General Motors cars equipped with the new Torpedo 
bodies are supplied without running boards, as are Cadillac 
60, Willys, Studebaker Champion, and Lincoln-Zephyr. All 
Hudsons, Chryslers, Buick 40 and 60, LaSalles, Cadillac 62, 
and Pontiac De Luxe 6 and 8 will furnish either running 
boards or trim boards at no extra cost. 

The pounds of plastic parts per car continue to increase, this 
year at an accelerated rate. The trend toward more flash in 
both exterior and interior undoubtedly has contributed to this 
gain, as plastic parts are still mostly decorative. Many new 
applications and greater use in prevailing parts make up the 
increase. Applications include transparent plastic as lenses for 
instrument dials, some of them with magnifying properties, 
parking lights, and tail lamps. In established uses the amount 
of plastics used in steering wheels, control knobs, door han- 
dles, door levers, safety signals, aerial controls, instrument 
boards, ash-receiver covers, horn buttons, escutcheons, and so 
on, has increased substantially. 

Ford and Mercury bodies have a new front, the overall 
length of Fords being increased 5 in. by moving the front 
grille forward and placing the bumpers farther away from the 
bodies. Ford and Mercury have new instrument panels, and 
new interiors which include a two-tone effect for all Ford De 
Luxe models and Mercury which is in blue and silver. 

Lincoln-Zephyr’s unit body is 2% in. wider at the front, 2 
in. at the rear, and has a 1 in. lower hood. The body profile 
bulges at the rear to give more shoulder room in the back 
seat. The floor is curved slightly to reduce the height of 
the tunnel. 


in., this change being permitted by 


Ot special interest is the body of the Lincoin-Zephyr Con 
tunentat Cabriolet with a hood 7 in. longer and 3 in. lower 
than any other model of the Lincoln-Zephyr line. 


the top can 
be raised and lowered automatically. 


Vacuum-operated tops 
also are provided as standard equipment in the De Luxe Con 
vertible Ford and Club Convertible Mercury coupes. 
Chrysler, Plymouth, DeSoto, and Dodge bodies are longer, 
1 in. lower, and wider. Especially is Plymouth roomier, hay 
ing added 1o cu ft. By making the rear doors of all fou: 
door sedans with square bottoms, Chrysler engineers have re 
duced the amount of body contortion necessary for passengers 
to enter or leave the rear compartment, over those provided 
with cut-out or “dog-leg” rear doors. 


Lincoln-Zephyr retains 
these square doors. 


The square-bottom doors also permit rear 
door windows to be lowered completely. Sponge-rubber seals 
are employed on all doors. Plymouth radiator grilles provide 
270 sq in. additional surface for air intake. Tool compart 
ments are under the rear seat in all 1940 Chrysler products. 

Packard convertible coupes on all models have a power 
operated top, the mechanism consisting of two vacuum cylin 
ders actuated by a single valve at the front. 

Hudson upholstery in the Super 6 and the 8 is in a new 
type of upholstery cloth made by the Hockanum Woolen 
Mills, in a gray herringbone wool twist of tufted and paneled 
design, with piping in contrasting color. The air-foam cush 
ions have a paneled seating surface. The upholstery of the 
Country Club models is a two-tone tailored design, the seat 
backs, arm rests, door paneling, and seat bases being in a 
light tan, whereas the remainder is a deep brown. The rear 
seat has a pull-down arm rest and a recessed back. 

Chevrolet’s bodies are 3 in. lower, 44% in. longer overall and 
are characterized by an extended use of box-member construc 
tion and bracing said to make them 50% stiffer. Front seats 
are 3 in. wider and rear seats 1 in. wider. Box sections have 
been employed for the side sills and the roof rails. The alli 
gator-type hood has been adopted. The running boards, 
bracketed from the body sills to save height, straddle the 
frame and tie it to the body. 

Bodies of Buick Special and Century models have been 
strengthened. Floors have a new reinforcing beam along each 
side of the raise in the floor pan; a new box-type member has 
been added behind the rear seat; a new pinch weld between 
the rear-seat pan and rear-compartment pan serves as a stiffen 
ing web; a triangular reinforcement has been added at No. 6 
body bolt; and dash-to-frame braces have been strengthened. A 
trunk compartment light is added on all models. In the 50 
and 70 Torpedo bodies the door handles are in line with the 
belt molding which is recessed under them. The effect is that 
the handles blend into the molding and are not perceptible at 
a distance. 

Pontiac’s rubber body mountings at ten forward points have 
been changed. This year, tire-carcass shims have been placed 
between the body and frame as in the past and, in addition, 
between frame and hold-down bolt. When the body bolts 
are drawn up, the shims are squeezed into the clearance space 
left by the large hole in the frame, thus insulating the bolt 
from the frame. 

Pontiac’s Special 6 or Series 25 body is 4 in. wider at the 
front seat and 8% in. longer overall. Its floor at the front 
door is 4 in. lower. Rear seats on this model are located 3 in. 
farther ahead of the rear axle. The De Luxe 6 and De Luxe 


8 are almost 4 in. longer overall. Dual tail lamps are now 


standard equipment on all Pontiacs. 

A feature of the Cadillac 62 and 60 Special and LaSalle 
interiors is the choice of instrument board and plastic color to 
match interior trim. 

The gasoline filler neck and cap has been moved to a loca 
tion under a trav door in the rear fender in the Pontiac Tor 
pedo 8, and in the Studebaker President and Commander. 











Rubber Suspension 


By A. S. Krotz 


Development Engineer, the B. F. Goodrich Co. 


HIS paper deals with one system of designing 

rubber springs; outlines its advantages; indi- 
cates its limitations; and describes the approach 
to the problem. 


This spring is of the torsion type, called “Torsi- 
lastic. and is claimed to present advantages not 
only in its characteristics as a spring but also in 
flexibility of application which makes it possible 
lo meet a wide range of requirements by varia- 
tions in spring design and in the length of the 
moment arm which applies the torsional load. In 
general, it consists of an inner shaft surrounded 
by an annular layer of rubber bonded to the 
inner shaft and also to an outer metal shell. The 
outer shell is split into two segments. The spring 
is stressed in torsion by anchoring either the shaft 
or outside shell to the chassis and rotating the 
other member. 


HE application of rubber to the suspension ot vehicles 

offers interesting possibilities and has progressed to the 

point where it has attractive potentialities for large-scale 
production. There are many ways of designing rubber springs, 
and this paper outlines some advantages and indicates the 
limitations in one such system. It describes the approach to 
the problem which, we believe, bridges the gap between the 
technical rubber man and the automotive engineer and may 
be useful in other rubber problems as well. 

The torsion spring presents distinct advantages not only in 
its characteristics as a spring but also in flexibility of applica 
tion which makes it possible to meet a wide range of require 
ments by variations in spring design and in the length of the 
moment arm which applies the torsional load. 

Fig. 1 shows an example of the “Torsilastic” spring. It is, 
in general, a torsion-type spring having an inner shaft, sur 
rounded by an annular layer of rubber, and a metal shell 
around the outside. 

The outer shell is split, in this case, into two 180-deg seg 
nients. The split shell serves three major purposes: First, it 
permits high pressures to be applied to the bond between rub 
ber and metal during cure. This pressure has proved to be 
very necessary in obtaining satisfactory adhesion. Second, it 


[This paper was presented at the Detroit Section Meeting of the Society, 


Detroit, Mich., May 1, 1939.] 
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When used not only as a spring but also as a 
mounting, the spring is claimed to offer the fol- 
lowing advantages: reduction in harshness of 
ride; lowered noise level due to insulating proper- 
ties; elimination of bearings, bearing parts, spring 
seats, and mountings; reduction of static friction 
to a minimum due to elimination of bearings: 
freedom from lubrication, rattles, and squeaks; 


cleanness and simplicity of design with low weight. 


Engineering data and diagrams are presented 
to assist in the design and application of the rub- 
ber torsion springs in various ways to various 
types of automobile chassis as well as to railroad 
and streetcar suspensions. Included are methods 
of calculating angular deformation and consider- 
able data on creep, hysteresis, durometer hard- 
ness, and stress-strain relationships. 


permits the rubber to shrink after cure without causing in 
ternal tension. And third, compressing the split shell down 
to a somewhat smaller diameter than in its free, cold state per- 
mits placing the rubber and the rubber-to-metal bond under 
radial compression, which our test work has shown improves 
materially the life of the spring. 

The spring is stressed in torsion by anchoring either the 
shaft or the outside shell to the chassis and rotating the other 
member. These springs are inherently resistant to any sort 
of misalignment as shown later, and are well suited to serve 
not only as an elastic medium or spring but also to form a 
bearing or locating device for the wheel support arms or link 





Fig. |~The "Torsilastic’ spring is composed essentially of 
an inner shaft surrounded by an annular layer of rubber with 
a split metal shell on the outside 
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Fig. 2-—Five ways in which 

these rubber spring units can 

be used in the suspension of 
vehicles 
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age. When used in this way, that is, as a torsion spring and 
as a mounting, the Torsilastic spring eliminates bearings 
which otherwise would be necessary and effectively insulates 
the road wheels from the chassis. Under these conditions the 
Torsilastic spring can be so applied in the chassis so as to 
obtain the following advantages: 

1. Reduction in “harshness” of ride due to the slight flexi- 
bility in the rubber acting as a bearing. 

2. Lowered noise level due to insulating properties of the 
rubber. 

3. Elimination of bearings, bearing parts, spring seats, and 
mountings. 

4. Reduction of static friction to a minimum due to elim- 
ination of bearings. 

5. Freedom from lubrication, rattles, and squeaks. 

6. Cleanness and simplicity of design with low weight due 
to parts eliminated. 

7. No possibility of sudden failure in the rubber as in steel 
springs. 

8. Reduction of impact loads on suspension members due 
to the rubber forming its own bearing. 

Such a spring can be made into a small, light unit that is 
cheap and without objectionable characteristics. Since it is 
possible to show distinct advantages over a comparable steel 
spring in many applications, the price consideration becomes 
less important; however, the influence of price should not be 
underemphasized. Although the spring itself costs slightly 
more than a stéel spring, comparisons of cost can be made 
only on the basis of thescomplete suspension assembly. 

There are so many ways in which these springs can be 
used in the suspension of vehicles that it was decided to limit 
this paper to the rubber spring unit. However, as an indica- 
tion of some possible suspension types, Fig. 2 is a rough sketch 
of several constructions. 

There are many other ways of applying these springs to 
automobile chassis, and there also is a large range of inter- 
esting applications to railroad and streetcar suspension. 

In considering the application of rubber torsion springs 
to any passenger-car chassis, the logical place to start is with 


the chassis limitations. It is assumed that distribution of mass 
already is fixed by necessity or preference. Static deflection 
ot front and rear springs usually can be determined by these 
same considerations and by any experience with past models 
that were well balanced. It is not the intention of this paper 
to go into the method of arriving at optimum spring deflec- 
tions; however, rubber springs should be particularly effective 
on models where good distribution of mass permits the use of 
relatively low spring rates, both front and rear, without re 
course to tight shock-absorber control to correct other short- 
comings. 

It may be assumed that static loaded deflection will be from 
7 to 12 in. From the proposed layout the length of effective 
arm from the rubber spring to the steering knuckle can be 
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Fig. 3-Loading and unloading curve for the spring shown in 
Fig. | —-Dynamic versus static cycle 
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determined, although rubber torsion springs permit somewhat 
more freedom since there are no coil spring seats, no seat- 
angularity problem, or high leaf-spring stresses to limit the 
designer. In general, the tendency will be toward making the 
wheel support arms shorter with this type of suspension than 
has been customary in this Country with steel springs. With 
arm length and static spring load and static deflection deter- 
mined, the loaded moment and torsional rate of the spring 
is fixed. 

Where the moment and torsional rate of the rubber spring 
are known, it is possible to proceed with problems of bushing 
design. A wide range of designs will meet any fixed require- 
ment for static load and rate. That is, the bushing may be 
long and slender or short and thick, depending on such chassis 
considerations as clearances and the amount of flexibility de 
sired in the mounting. It is therefore necessary to know some 
thing about the characteristics of such a spring before proceed 
ing to more detailed spring design. The Torsilastic spring 
shown in Fig. 1 is typical of a design for the front suspension 
of a 3400-lb car and has the characteristics shown in succeed 
ing figures. 
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Fig. 4—Resistance of Torsilastic spring to deflection under 
tilting and axial forces 
Fig. 3 is a torsional loading and unloading curve for the 


spring shown in Fig. 1. The graph is practically a straight 
line at and near the static load point. The steeper slope at 
light loads is typical and a somewhat more pronounced stif- 
fening at high angles is found with some designs; however, 
for all practical purposes it is a constant-rate spring through 
out the range useful in suspension. 

The spread between the loading and unloading branches of 
this curve can be referred to as hysteresis or energy absorbed 
during the cycle, although it is important to note that this 
apparent loss is modified considerably by the time required 
for the cycle and, to a lesser degree, by the Joule effect, which 
will not be discussed here. 

The rate or frequency of the cycle modifies not only the 
hysteresis loss but also the slope of the stress-strain curve for 
any rubber spring. A second curve is superimposed on Fig. 3 
to simulate actual service conditions. That is, at a load cor 
responding to car plus five passengers, the spring is given an 
angular oscillation equivalent to 1 in. compression and 1 in. 
rebound, making a total of 2-in. length of stroke of the road 
wheel. Road tests show that such a movement comes at an 
average of one every one-half mile for normal cross-country 
driving. 

This dynamic oscillation test is made in the laboratory by 
suspending a mass on a moment arm which produces the 
static loaded torque on the spring. The mass is then excited, 
and the free or resonant period of oscillation observed. The 
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Fig. 5— Radial deflection of Torsilastic spring 


length of laboratory arm need not be exactly the same as the 
wheel support arm to be used on the car, since we find very 
little difference in the dynamic torsional rate for the same 
spring at frequencies from 4 cycle per sec. to 2 cycles per sec. 
Resonant frequencies are converted easily into dynamic tor 
: 1887) 
sional rates by applying the pendulum formula d = — | 

The deflection, d, is then the nominal length of arc through 
which the spring turns before it supports the static moment, 
and unit torsional rate is obtained by dividing the moment by 
the subtended angle. 

Under these conditions the hysteresis loss during the 2-in. 
dynamic stroke is so small as to be difficult to show on a 
graph of this type. The amount of hysteresis depends on the 
rubber stock used and, based on our own experience and 
much other available research, rubber stocks which show low 
creep loss may be said in general to show also low hysteresis 
loss. This curve, although applying directly to Torsilastic 
springs, is similar to the curves for many other types of rubber 
springs and indicates the difficulty of dispensing with shock 
absorbers as is sometimes proposed where rubber springs are 
used. For large strokes the damping effect of hysteresis be- 
comes noticeable but, for short strokes, particularly as in con- 
trolling wheel hop, shock absorbers are needed to attain the 
standard of ride expected by the buying public in this country. 

The “static” loading curve shown here for the whole range 
of spring deflection was obtained by loading weights on a 
beam to give variable moments on the spring. With this 
method several seconds elapse between readings and the com- 
plete cycle requires 2 to 5 min. Under these conditions the 
resultant “static” stress-strain curves will average 10% lower 
slope at normal loaded deflection than the slope of the dy- 
namic curves. 

Fig. 4 is a graph of the resistance of this same Torsilastic 
spring to tilting and to axial displacement. This slight elas- 
ticity is very advantageous in reducing harshness of ride, and 
the total amount of any such displacement can be controlled 
over a considerable range by the proportions selected for the 
spring. 

Fig. 5 is a graph of displacement of this same spring under 
radial forces. 

Fig. 6 is a graph of the creep or set of a different size of 
Torsilastic spring in a laboratory test extending three years 
to date. This spring carries a static shear of 135 lb per sq in. 
on the outside diameter of the shaft, which is approximately 
10% higher stress than normally used, as described later. 

Fig. 7 is the creep record for the rubber spring shown in 
Fig. 1, but taken from actual service records on a test car. 
It should be noted that these rubber springs have not been 
adjusted for height or serviced in any way since December, 
1936, although the car was somewhat high at that time and 
is now approximately 4 in. low, after 2% yr and more than 
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Fig. 7—The creep record for the rubber spring shown in 
Fig. | was taken from actual service records on a test car 


36,000 elapsed miles, including much very rough handling. 
Any one of a number of methods can be used to take out the 
early creep as shown by the nearly vertical rise at the left of 
the graph. It should be noted that creep is not a straight-line 
function when plotted against static load. That is, a 10% 
change in static load may cause much more than 10% change 
in creep over a given time. However, it seems best in most 
cases to keep the size of the spring down and take a slight 


amount of creep and provide a simple adjustment which 


need not be serviced more than once a year under normal 
conditions. 

There is one other characteristic of these rubber springs, 
and it is not easily shown in graphical form. That is the life 
of the unit. In attempting to forecast actual service life of a 
rubber spring by means of accelerated fatigue tests, it is neces- 
sary first to emphasize the extremely wide difference between 
steel and rubber as elastic materials. Any acceleration in the 
normal flow of energy through a spring reasonably may be 
expected to have an exaggerated effect on rubber as compared 
with steel. This statement is substantiated by all available 
test data. Any required laboratory fatigue life may be ob- 
tained with the Torsilastic springs, and accelerated laboratory 
tests as well as road tests have been used in establishing basic 
design limitations which will give spring life equivalent to 
maximum car life without wasting material. The Torsilastic 
spring shown in Fig. 1 and used for illustrating spring char- 
acteristics in other figures is designed in accordance with these 
limitations although, as pointed out, a wide range of springs 
can be designed for any given capacity. 
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In any of the designs thus far considered there is very little 
exposed surface of rubber, and any deterioration at these ex- 
posed ends has been found to have a negligible effect on 
spring life. It has not been found necessary to use a shield of 
any kind at the ends, and the aging of the body of rubber is 
extremely slow and requires longer than the total life of the 
car to make any appreciable change. 

With some understanding of the proposed use for these 
springs and of their characteristics, we can turn to more de. 
tailed problems of spring design. With the required static 
moment and elastic torsional rate determined, the remaining 
design steps can be carried out very simply. For passenger-car 
independent suspension, designs having roughly 7 to 12 in. 
static deflection and 8-in. wheel stroke, that is 4-in. compres 
sion and 4-in. rebound, we find that static shear stress up to 
approximately 130 lb per sq in. with an optimum for reduced 
creep at 120 lb or less per sq in. on the outside diameter of 
the bushing shaft, gives satisfactory results. This figure is 
modified by the hardness of stock used, as discussed later. 

The spring shaft then can be designed by providing for the 
required static moment (as transmitted through the rubber 
bonded to its outside diameter) without exceeding 120 lb per 
sq in. unit shearing stress on the rubber bond. The decision 
as to the combination of length and diameter of the bonded 
area will depend on the elasticity or flexibility (other than 
angular) desired of the bushing in its function of mounting 
or bearing for the suspended wheel parts and, of course, will 
depend on torsional strength of the shaft and chassis consider 
ations. 

After determining the shaft diameter and effective length 
over which rubber is to be bonded in order to bring the static 
shear stress to 120 lb per sq in. or any other figure decided 
upon, the thickness of any rubber compound required to give 
the desired torsional rate can be determined. Fig. 8 is a sec- 
tion through a simple rubber torsion spring where no tie gum 
is used. At the lower right is a stress-strain curve for a sample 
of the same rubber in what is usually referred to as pure shear. 
That is, a rubber “sandwich” cured between flat plates is 
stressed by parallel movement of the plates. 

Returning to the torsion spring, the mathematical analysis 
for relating the functions of rubber thickness and spring rate 
is as follows: 


R, = Inside radius of rubber 
R2=Outside radius of rubber 
r =faalus fo any element 
L =Length of bushing, 

S = Unit shearing stress 

T = Torque 

Y = Angular deformation 

G = Shear modulus 


6 = < (for small angles) 
_Odr 
dy = — 
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Fig. 8-A section through a simple rubber torsion spring is shown to the left and above of a stress-strain curve for a sample 
of the same rubber in pure shear 


The difficulty with applying such an analysis is that it is spring. In the shear sample, if AB is taken as an element in 
accurate for small deflections only, also any equation involves the rubber under no shearing stress, and the “sandwich” is 


the shear modulus G for the rubber compound. It is common then deformed by a shear movement of amplitude AC, it is 
practice to assume that G is defined by the slope of the tan- AC 


, AC ; 
gent to the shear curve for small amplitudes of movement. customary to refer to the quantity oe a the displace- 
Such a tangent is drawn on the shear curve, Fig. 8, and de- 
parts seriously from the slope of the curve in the range of 
actual stress. 








Since every particle of rubber in the torsion spring may be 
thought of as an element in the thin layer dr, the entire body 
of rubber is stressed in shear, the shearing stress varying in- 


ees 


versely as the square of the radius to the particle. This analy- | H j 
sis is given before in mathematical form and can be used 

also in a graphical approximation which is fairly accurate. \ 

This approximation has been done in Fig. 8 by assuming that 

the body of rubber is divided into successive layers each hav Bit--++A4 


ing a thickness equal to 5% of its inside radius. 
The heavy spiral line represents the position taken under 


























torsional deflection by a theoretical element in the rubber nrc 
which is radial at no load. In each of the successive layers the | / 
distorted element departs from the radial direction by the \ / 
angle of departure for that stress as obtained on the shear { | ms 
“sandwich.” T>| ee 

One such graph is all that is needed for each rubber com- LE. | 7 
pound to cover the widest assumed range of unit static stress Shear "Sandwich" ¥ Pe ee, ee 
and torsional rate. For lower static stresses it is only neces- oe. 


; ‘ AC ; ac 
sary to move out to a new radius where the required shear 7 7 Shear displacement — = Average shear alisplacement 


t 
stress exists and strike a new arc to represent the inside diame- 


Line BC is approximate Line 6c is not approximate 
ter of the rubber. The thickness required for any angle of position of distorted element position of distorted element 
wind-up always is measured in terms of per cent of that 


inside diameter. 





: ; : Fig. ?—Section through a shear “sandwich” (left) and a 
Fig. 9 is a section through a shear “sandwich” and a torsion torsional spring 
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ment divided by the rubber thickness, as the per cent of shear 
deformation. For large percentages of deformation the change 
in length of the theoretic element AB when it assumes its 
new position BC is sometimes called “stretch,” although this 
condition is not analogous to the stretch in a rubber sample 
under tension. 

This same analysis of “stretch” cannot be applied directly 
to torsion springs, since the deformation obviously varies with 
the stress, and the shearing stress varies inversely as the square 
of the radius of the particle of rubber under consideration. 
The following table indicates the variation in shearing stress 
and so-called “stretch” from the inside diameter to the outside 
diameter of the spring used to illustrate this paper. The first 
two lines show the effect of tie gum in reducing stress. For 
the sake of comparison Item 8 gives an index for average 
stretch as shown by the line 4c on the torsion spring, but has 
no fixed relation to the maximum “stretch” at the inner diam- 
‘ eter of the rubber as given by Item 6. 

Static Load, 
Car with Five 
Passengers 


Maximum 
Bump Load, 
Metal to Metal 

1. Unit shearing stress at shaft 

2. Unit shearing stress outside shaft 
tie gum 

3. Unit shearing stress at outside 
diameter of body of rubber 


122 lb per sq in. 


105 lb per sq in. 


4. Yo shear deformation at (2) 210% 260% 
5. % shear deformation at (3) 83% 135% 
6. Yo “stretch” at (4) (maximum) 133% 179% 
7. Yo “stretch’’ at (5) 30% 68% 
8. % average stretch as given by 

be—ba . 

——— for comparison only 447% 84% 


ba 


In the actual application of this method to the design of 
torsion springs, the use of some physical fundamentals per- 
mits the design engineer to cooperate intelligently with the 
rubber technician. Some engineers feel that there is an un- 
warranted amount of mystery in the designing of rubber parts. 
There appear to be many difficulties to overcome before it will 
be possible to establish standards as complete as SAE Stand- 
ards for steel, which will apply to a certain grade of rubber 
regardless of source. However, many of the factors influencing 
the design of rubber parts are understandable without any 
great background of rubber experience. 

The property that interests us most in rubber is its elasticity 
or ability to sustain repeated large deformations and return 
approximately to its previous form. A wide range of rubber 
parts, including these torsion springs and many other springs 
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and mountings, requires rubber compounds which are very 
similar except for the degree of elasticity. That is, the com- 
pounds used for these purposes may vary in hardness but 
must have low permanent set and high fatigue life under 
comparable stresses, together with good aging characteristics 
and other more technical requirements. It is not necessary 
that such a series of compounds all bond easily to metal parts, 
as tie gum can be used for that purpose. 

The range of acceptable stocks is limited, on the soft side, 
by the objectionable effect of adding large amounts of soften- 
ing agents such as oil. At the present state of development a 
compound of pure gum stock containing only the essential 
ingredients for a satisfactory cure will probably be between 
40 and 45 Shore durometer hardness after cure. The hardest 
stock that can be used effectively will be approximately 60 
durometer for reasons which appear later. 

Some system is necessary for coordinating the tests and 
determining the performance which should be expected from 
each stock. For example, if all compounds were tested for 
creep and for fatigue life at the same unit stress, the soft 
rubber deforms more than the hard rubber and stores more 
energy per unit volume and, therefore, is at a disadvantage. 
Conversely, if all compounds were tested over the same range 
of deformation, the hard compound is placed under higher 
unit stress and it, in turn, is at a disadvantage. 

Fig. 10 gives two stress-strain curves, for a so-called 60 hard 
stock, and for a stock having 45 Shore durometer hardness. 
These curves are for shear loading as most springs and mount 
ings stress the rubber in shear. The curve at the left is for 
the rubber stock used in the spring illustrated in this paper, 
and laboratory and road tests have indicated that this stock 
functions very well in car suspensions at 105 lb per sq in. 
static shear stress. 

An index to the efficiency of this stock in a suspension 
spring can then be obtained by the area of the triangle formed 
under the tangent to the curve in the approximate working 
range. The actual work done in deflecting the spring from 
zero load to the static loaded position, as given by the area 
under the loading curve, is of less value since this type of 
spring is never unloaded completely, and the range of most 
interest is for short strokes each side of the static position. 

Using this stock as a base line, in order to obtain the 
same efficiency from unit volume of the 60 hard stock at 
the right of Fig. ro it would be necessary to draw in a nomi 
nal work triangle having the same area as in the curve at 
the left and having a hypotenuse tangent to the loading curve 
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Fig. 10 — Stress-strain 

curves for a 45-du- 
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at its upper end. Such a triangle has been drawn in and 
establishes the required static stress for the right-hand curve 
at approximately 140 lb per sq in. If this stock were stressed 
to 140 lb per sq in. static load, maximum wheel stroke for 
this car would bring the stress to approximately 210 lb per 
sq in. We have found it inadvisable to go beyond 200 Ib 
per sq in. shear stress on the bond between the rubber and 
metal even for very infrequent strokes such as the “metal-to 
metal” position of wheel linkage, and it is therefore not pos- 
sible to use stocks this hard or harder at full efficiency. 

In laboratory test work a series of stocks of varying hard- 
ness can be tested at unit stresses determined for each stock 
by the nominal work method described. It is also possible to 
use the so-called shear modulus, G, for each stock. Static 
stress required of any stock can then be determined by the 


ao |G ' 
equation ri = @— where S; and G, are the unit shear stress 
¥ “y 
22 72 


and modulus for some known rubber stock used as a base line. 
This equation gives the same results as the “nominal-work” 
method just described, provided the stress-strain curves for 
the two compounds are proportionate, which is seldom 
strictly true. 

After determining the unit static stress at which various 
stocks are to be tested to give comparable results, the range 
of stress for fatigue tests should be some proportion of the 
static stress and not a fixed stroke. 

By applying some system of coordinated tests, such as that 
briefly described here, a series of stocks which are acceptable 
for many forms of rubber springs and mountings can be 
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developed. These stocks will not all have the same character- 
istics of fatigue life and creep and, in many cases, the designer 
will be willing to sacrifice one or more characteristics to 
obtain a stock of some preferred hardness or with some other 
particular qualification; however, it is not possible to make 
these decisions intelligently until some such basis of compari- 
son is established. 

It is interesting to note that in actual service the maximum 
shear loads due to wheel stroke usually will fall on a some- 
what steeper part of the shear curve, as in Fig. 10, and conse- 
quently a given angular movement in a torsion spring will 
cause less relative angular displacement in the highly stressed 
layers near the shaft than the same bushing angle would 
cause at lower loads. This effect seems to be of some impor- 
tance in throwing relatively more deformation into the layers 
which are farther from the shaft and stressed less, thereby 
increasing fatigue life which depends not only on unit load 
but also on range of deformation. The net effect of this con- 
dition is to make the cylindrical torsion spring a more efficient 
method of using rubber than may appear at first sight. 

Rubber torsion springs designed within the limits outlined 
here should be capable of many years’ use without any further 
attention or service other than a possible adjustment at long 
intervals. They should give improvement in ride with low- 
ered noise level, low weight, and clean design, all in some 
proportion to the skill used in applying them to the chassis 
design. The factor of sales appeal is outside the province of 


strict engineering analysis but should also be evaluated in the 
over-all picture. 





Use of Diesels by Railroads Continues to Grow 


IESEL horsepower used for switching service on railroads 

increased from 4500 in 1923 to over 288,000 in 1938, 
an increase of 6300%. But this development of the diesel 
for switching operations has been unspectacular and has not 
been widely publicized. Consequently many people never 
heard of a diesel until the advent of the diesel-powered stream- 
lined train. 

Many roads replaced steam trains in local and branch line 
service with rail cars in an effort to furnish service that would 
at least break even. The designers and operators of the gas 
rail cars were chiefly concerned with low cost transportation 
and no particular attention was given to high speed or com- 
fort. Consequently, the majority of these cars were powered 
with engines of relatively low horsepower and were designed 
for speeds of 60 mph. or less. With the traveling public de- 
manding more speed and greater comfort, the old rail cars 
were obsolete. At the same time, through passenger traffic had 
decreased to the point where many trains were being operated 
at a loss. It was quite apparent to many rail executives that to 
attract passengers back to the rails and put the passenger 
trains on a paying basis, it would be necessary to develop 
modern, up-to-date, comfortable, high-speed trains that could 
be economically operated. 

The diesel had proven satisfactory in switching service but 
the engines used on switchers did not have enough power to 
handle heavy passenger trains. By utilizing modern materials 
and departing from conventional car design, light-weight 
trains were developed that could be handled by the newer 
diesels. 

The first of these trains was placed in service in 1934 and 
was a three car train powered with a 600 hp. diesel. Today, 


diesel locomotives from 600 to 6000 hp. are handling main 
line passenger trains over eight million miles a year. The 
following table shows the number of these units placed in 
service each year from 1934 to 1938, inclusive, the total horse- 
power of these units and average horsepower per unit: 


Average Hp 


Year No. of Units Total Hp per Locomotive 
1934 I 600 600 
1935 II 11,120 1010 
1936 9 15,300 2185 
1937 10 24,060 2406 
1938 15 54,000 3600 


It is interesting to note that the total horsepower installed 
and the average horsepower per locomotive increased each 
year so that the total horsepower installed in 1938 was go 
times that installed in 1934 and the average horsepower per 
locomotive increased from 600 to 3600 hp. 

It is almost impossible to make an accurate comparison of 
costs of steam and diesel power on passenger trains. A study 
of published data on several diesel and steam high-speed 
trains indicates that the average operating expense per train 
mile of the diesels is considerably lower than the average 
operating costs of the steam streamliners. On a car-mile basis, 
they are more nearly equal as the average number of cars per 
train is less on the diesel powered trains. 

Excerpts from the paper: “The Role of the Diesel on Rail- 
roads,” by A. R. Walker, Illinois Central System, presented 
at the World Automotive Engineering Congress of the Society, 
San Francisco, Calif., June 7, 1939. 








Transatlantic Airplane Design 


By Robert J. Nebesar* 


Avia Aircraft Corp., Prague 


8 Wace trend of development i in size of seaplane 
and landplane designs is established from cur- 
rent modern American designs. The tell-tale 
charts of their characteristics and mainly of use- 
ful load-range-gross load relations are given. It is 
assumed that a cruising speed above 200 mph for 
transatlantic travel is a necessity and deduced 
that, although seaplane design would have to go as 
far as 100- “passenger, 100-ton size in order to ful- 


fill the requirements, the landplane of about half 
this size would do. 


The characteristics, weight, performance esti- 
mates, and the general outline with the operation- 
cost figures of a transatlantic landplane project 
for non-stop New York-Paris flight are presented. 
It is believed that the bright prospects of this solu- 
tion are made possible by systematic weight and 
drag savings, these being facilitated by the elimi- 
nation of the otherwise necessarily big and heavy 
fuselage and by the advantageous wing arrange- 
ment, where comfortable accommodations for 48 
passengers are provided and where the great gaso- 
line load is distributed along the span. The proj- 
ect TA-2 is supplemented for comparative pur- 


poses with the project TA-1, differing only in fuel 
capacity. 


ANDPLANE versus Seaplane —- Although there already 
'¥ has been quite some publicity as to the merits of big 
transatlantic seaplanes as some of the smaller ones, 
carrying none or few passengers, have repeatedly crossed the 
North Atlantic Ocean, there has been a definite shortage of 
information on landplanes which also have accomplished quite 
a few crossings. It is the purpose of this paper to establish the 
feasibility of North Atlantic non-stop landplane travel and to 
point out its advantages. 

The comparative probability of accomplishing the complete 
journey is assumed to be the same for the big seaplane or 
landplane, since it is due to their multi-engined arrangement 
with the engines and installations accessible in flight, either 
design being such as to permit the successful continuation of 
flight with only half of its engine units functioning. 

As it is assumed that the true solution to the transatlantic 
flight is a non-stop one, which point would have to be con- 
sidered even for North Atlantic flying where the distance such 
as New York to Paris is 3640 miles, it can be understood that 





{This paper was presented at the World Aalemetive Engineering Con- 
gress of the Society, New York, N. Y., May 26, 1939.] 

* Since this paper was prepared Mr. Nebesar has become chief engineer 
of Howard Aircraft Corp., Chicago. 


478 


a high cruising speed is a necessity. Cruising speed should be 
higher than 200 mph in order to travel this distance in a 
reasonably short time. It is believed that the passenger would 
prefer a shorter trip with comparatively less comfort, to luxury 
with delay and uncomfortable boardings and deboardings of 
seaplanes, possibly on a stormy sea. 

It will be shown that such crossings could be made in 16 hr 
which, combined with the definitely advantageous landplane 
possibility of starts and landings taking place at the regular 
airports thus offering direct airline delivery of passengers to 
their different final destinations, will present the most interest 
ing solution of the problem. 

In order that such design should prove to be at least as 
much of a paying proposition as the smaller landplanes in 
airline operation, it must have the same or almost the same 
specific number of passengers, that is about the same tonnage 
of gross weight per passenger, and about the same cruising 
power per passenger. 

In order to establish the trend of passenger plane develop- 
ment with growing size, quite a number of modern American 
aircraft were chosen, as shown in Table 1 for landplanes and 
seaplanes where their respective characteristics are given. The 
different airplanes were chosen and tabulated in the order of 
increasing size and to include several of the same manufac 
turer in order to follow the respective trend there. In the table 
the arrangement is such that the sizes of existing aircraft are 
increasing to the right side of the table and are terminated by 
Transatlantic Airplane Projects. For the landplanes the project 
TA-1 and TA-2, respectively, is established; for the seaplanes, 
the Sikorsky project S-47 is chosen. 

The given data are taken from different aviation magazines, 
mainly Aero Digest and The Aeroplane. The different ranges 
either are taken when they are given or computed for the 
cruising speed established from the given maximum speed at 
maximum normal power on the basis of cube-root variation of 
the speed with power, and specific consumptions of 0.46 to 
0.42 lb per hp-hr according to the engines’ specifications. 
Specific consumptions at the specified cruising power for the 
biggest airplane in its class, the Douglas DC-4 or Boeing 31 4, 
are taken as low as 0.42 lb per hp-hr, which consumption is 
figured also for the transatlantic seaplane project. It is be 
lieved that the modern high-powered engines could be ad 
justed accordingly. The transatlantic landplane project TA-1 
and TA-2 specific consumptions were taken as 0.44 lb per 
hp-hr in order to be on the conservative side. Since it was 
preferred for simplification to make the calculations for total 
fuel, that is, gasoline and oil consumption, the resulting gaso 
line load for different ranges (1000, 1500 miles, and so on) as 
tabulated, was increased about 7.5% for oil load. 

In order to deal with the warming up, climb, route detour, 
and wind allowances, a 20 % increase in total consumptions is 
figured throughout, which is believed to be a fairly conserva- 
tive average. 

In the weight-empty specifications, all the weight of equip- 
ment, furnishings, and also of the crew on the mean basis of 
170 lb per person, is included in order to establish figures and 
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charts for the true useful load consisting of payload with gaso 
line and oil loads only. 

The maximum range with no payload is determined, this 
value together with the useful load concluding the range 
useful load diagram as given in Fig. 1, where the tabulations 
of Items 23, 26, 30, 34, 38, 41, and 42 from Table 1 are plotted 
on the left side for landplanes and on the right side for sea- 
planes. 

The values of loads per passenger seats for different ranges 
are figured and given in Table 1 as Items 27, 28, 31, 32, 35, 
36, 39, and 40. These values are used in the range-passenger 
seat loading diagram in Fig. 2 where, to the left, are the land- 
plane and, to the right, seaplane values. The ranges plotted 
in this diagram are the secure ranges, that is, ranges with 
20% reserve of gasoline and oil. From this figure the ranges 
corresponding to the 300, 200, and 100 lb loading per pas- 
senger seat are determined for each airplane. This was done 
for the long-distance seating capacity, the corresponding lines 
being shown as full lines. 


Plotting these values against the weight of the respective 
airplanes as presented in Fig. 3a, the variation of range with 
gross weight for 300, 200 and 1oo-lb loading per passenger 
seat is obtained, this relation establishing well the possibility 
of increasing range with the increased size of airplane. Full 
lines relate to the landplanes, and the dotted lines to the sea 
planes. The 200-lb loading per passenger seat represents the 
average payload of a transport airplane, the 300 and 100-lb 
loadings are given in order to supply additional information, 
for example, the 100-lb loading could well represent the in 
creased range for the number of passengers cut down to 
one half. 

Before going to further discussion, the other parameters 
which are included in this diagram should be mentioned. 

Under Fig. 36 there is the variation of the number of long 
distance passengers with the gross weight. 

Under c is the variation of wing loading with gross weight. 

Under d is the increasing total normal horsepower with the 
increasing gross weight. 
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Under e¢ is the increasing weight empty with the increasing 
gross weight. 

Under f is the 
weight. 

Under g is the estimation of complete landplane prices in 
crease with gross weight based on production of 20 airplanes. 

The curves relating to the landplanes are full; curves relat 
ing to seaplanes are dotted. 

It should be well understood that the data on the trans- 
atlantic airplanes are established from projects, not from the 
actual airplanes as are the other data used, but it is believed 
that the possible small differences could not influence the trend 
of the designs greatly. 

The main teatures, which would enable the landplane 
project TA-2 to obtain its all-around performances, are chiefly 
the absence of fuselage, the aerodynamic cleanness that it is 
possible to attain with a bigger airplane, the emplacement of 
passengers in the center section of the wing, and the distribu 
tion of gasoline and oil loads along the span. There are no 
important weight losses resulting from different cutouts in 
the wing and other structure since the design is planned 
accordingly. This construction results in an exceedingly high 
cruising speed and low empty weight; the approximation of 
these values will be given later. 

In the meantime, some conclusions derived from a study of 
Fig. 3 should be pointed out: 

Under diagram 3a for landplanes it is found that the trend 
goes fairly steadily to the TA-1 project. The little discontinua- 
tion of the curves between Curtiss-Wright 20 airplane and 
Boeing 307 is caused by the transition from two-engined 
arrangement to four-engined arrangement, showing the dis- 
advantage of increasing the number of engine units. This 
discontinuation also is caused by the substantially increased 
number of passengers and of normal horsepower at the same 
time as apparent in Fig. 3, diagrams 6 and d. The emplace- 
ment of project TA-1 corresponds also well to the trend of 
diagrams 6, c, and d. There is a very slight departure in the 
weight-empty variation in diagram e, and a significant depar 
ture in the cruising-speed diagram f, both explainable struc 
turally and aerodynamically by the absence of fuselage. 


variation of cruising speed with the gross 


The sharp advantageous break of the curves of diagram a, 
when passing from project TA-1 to project TA-2, is a result 
ot heavier loading of the airplane project TA-2. 

This project differs only in its gross weight, which was 
increased from 102,000 lb to 115,000 lb, the difference of 
13,000 |b being in its useful load as stated in Table 1, ltem 23. 

This difference is also very well noticeable in the diagrams 
b, c, d, e, and f, although the changes are not radical and 
would not cause any undue difficulties. The wing loading is 
increased only from the fairly low and already adopted value 
of 30 lb per sq ft to 33.8 lb per sq ft; so is the take-off power 
loading increased from 12.1 lb per hp to 13.7 lb per hp; its 
respective influence on the take-off will be dealt with later in 
the take-off study. As far as landing speed is concerned, it is 
of no importance since the increased weight is only the fuel 
weight which will be consumed at the end of the trip. 

The slight decrease in the specific number of passengers also 
will be appraised later in the comparative cost of operation 
study. 

When comparing now the seaplane trend against the land- 
plane trend, it is quite apparent that, for smaller sizes, the 
useful load-range performance is more advantageous for the 
seaplanes. 

This condition is caused partly because of lower number of 
passengers and because of lower normal horsepower as shown 
in the diagrams 5 and d. The landplanes’ higher horsepower 
is substantiated for the take-offs. Much of it is due to the 
substantially lower seaplane empty weights, especially those of 
both Martin 130 and 157F, as shown in diagram e and also 
to the very low cruising speeds as seen in diagram f. 

The influence of increasing speed, just as well as increasing 
the number of passengers, is apparent in the reversed slope of 
the seaplane curves in Fig. 3a as they go from the Martin 
157F to the Boeing 314 seaplane. 

Even the Boeing 314 useful load-range performance is better 
than that of the existing biggest landplane, DC-4, except for 
the cruising speed which is still substantially lower. Should 
its cruising speed be raised to 200 mph, its effect on the range 
would be detrimental, which is not the case of the landplanes 
as shown. 
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In Fig. 3, diagram a, are indicated the distances tor the 
non-stop flights, New York-Los Angeles 2650 miles over the 
American Airlines system, and New York-Paris 3640 miles. 
It is shown that non-stop flight, New York-Los Angeles, could 
be accomplished with the Martin 130 seaplane with about 
140 lb per passenger seat (long-distance seating capacity) at 
165 mph cruising speed, or the Martin 157B with about 520 |b 
per passenger seat at 145 mph cruising speed, for Boeing 314 
with about 270 lb per passenger seat at 160 mph cruising 
speed. 

Ot the projects the Sikorsky S 47 seaplane could cover this 
distance with about 390 lb per passenger seat at 200 mph; the 
TA-1 project could carry 235 lb per passenger seat at 226 
mph cruising speed; and the TA-2 project, about 490 lb per 
passenger seat at cruising speed of 221 mph. 

The non-stop flight New York-Paris could be flown at the 
cruising speed of 145 mph with the Martin 157B seaplane 
carrying about 205 lb per passenger seat; the Boeing 314 could, 
at the cruising speed of 160 mph, carry about 70 |b per pas- 
senger seat. Of the projects the Sikorsky S 47 could cover this 
distance with about 190 lb per passenger seat at 200 mph 
cruising speed; the TA-2 would carry 244 lb per passenger 
seat, cruising at 221 mph. 

There is no doubt that the prospects for bigger transatlantic 
landplane designs are still brighter. Especially cruising speed 
could be increased substantially since the engines could be 
enclosed completely inside the wing and their drag thus elim- 
inated, but that subject is out of the scope of this paper. Since 
there is a possible solution with a design not far from that of 
present existing aircraft, it is thought that some of the most 
important items of its study should be explained to at least 
some extent and presented for criticism. 


Landplane Transatlantic Project 

The TA landplane project is shown in Fig. 4, giving three 
views and a perspective drawing. 

The passenger seats are arranged in the center section of the 
wing in three compartments, there being 8 passengers in the 
forward, 24 passengers in the center, and 16 passengers in the 
rear compartments, the passenger seats being of the Pullman 
revolving type arranged in groups of four around the round 
tables. In the most forward part of the front cabin with the 
windows is a small promenade. Lavatories and rest rooms are 
provided at the sides, with the kitchenette, and so on, to the 
rear of the rear compartment. The compartments are spacious 
enough, for example, the main compartment has the following 
dimensions: 17.5 x 11 x 6.25 ft mean height. The baggage 
compartment comprises almost the whole underside of the 
center section, its average height being 1.5 ft. The main 
entrance to the passenger cabin, just as is the baggage doors, 
is arranged on the underside beyond the monocoque box 
duralumin structure, without disturbing the important struc- 
tural members. 

This construction does away with the fuselage, because even 
the somewhat bulky wing center section is conceived as the 
steadily increasing wing profile, the whole wing thus offering 
characteristics similar to a tapered wing. 

In the outer wings inside of the monocoque box structure 
are elastically suspended magnesium-alloy gasoline tanks of 
8000-gal capacity. They are mounted and accessible from the 
inside. 

This emplacement of the variable useful load permits a con- 
' siderable distribution along the span, greatly decreasing the 
stresses and causing only a very slight variation of the center- 
of-gravity movement at the same time. 

The four engines are placed in the usual manner in the 
proportionally thick leading edge of the wing, their propellers’ 


slipstream striking a big proportion of the wing thus facilitat 
ing the take-offs. 


The pilots’ cockpit is designed as a nacelle protruding trom 
the wing center section leading edge, giving the pilots the cus 
tomary location and view with the corresponding dimensions. 

The tail surfaces, being designed as quite thin profiles in 
order to save drag, are carried on two outriggers. This ar 
rangement also makes possible their considerably light weight 
thus, for balancing reasons, saving weight on other structure, 
allowing the necessary rigidity. The duralumin shell struc 
tured outrigger beams emerging from the fairly thick wing 
are of aerodynamically efficient shape, their flattened rear por 
tion merging again into the vertical surfaces, and they provide 
also the housing for the rear wheels of the retractible under 
carriage. 

The tricycle landing gear is arranged with the twin wheels 
in front for additional safety and is completely retractible with 
the simple fore-and-aft moving mechanism, the front wheels 
retracting into the pilots’ nacelle behind the cockpit, the rear 
wheels into the tail-booms after the rear spar of the wing 
monocoque box. 


Weight Estimates 


After a very thorough study the weight estimation for the 
TA-2 project is established as follows: 


lb 


1. Complete outer wings, 2650 sq ft at 4 lb per sq ft 10,600 
2. Complete center section, 750 sq ft at 6.4 lb per sq ft 4,800 
3. Complete tail surfaces, 1000 sq ft at 2.5 lb per sq ft 2,500 
4. Four engines at 2450 lb each ),800 
5. Four propellers at goo lb each 3,600 
6 


. Four complete nacelles at 300 Ib each 

. Four complete engine cowlings and miscellaneous at 200 
aes Pe 800 

8. Gasoline and oil tanks with installation 

g. Forward landing gear complete 

10. Rear landing gear complete 6,000 

11. Pilots’ nacelle with cockpit, and so on 500 

12. Tail surfaces, outriggers complete 


1,200 
oy 
/ 


4,000 


1,200 


4,200 
13. Controls, electricity, and instruments. . 2,400 
14. Floorings, cabin soundproofing, and upholstering 2,501 
15. Chairs, tables, lavatories, and so on 3,300 
16. Emergency equipment, food, and so on gor 

Total empty weight 58,300 |k 
17. Crew of seven at about 170 lb each 1,200 
18. Gasoline 6800 gal at 6 lb each 40,800 
19. Oil 400 gal at 7.5 lb each hee 3,000 
20. 48 passengers at about 170 |b each 8,200 
21. Mail and baggage 3,500 

Total gross weight 115,000 |k 


The structural weight is given for comparative reasons in 
proportion of the total gross weight as follows: 


Weight, 7% of gross 

lb weight 
Wing and tail surfaces, group Items 1, 2, 3 17,900 15.6 
Powerplant group, Items 4, 5, 6, 7, 8 19,400 16.9 
Landing-gear group, Items 9, 10 7,200 6.2 
Replacement of fuselage, Items 11, 12 — 4,700 4.1 
Controls, electricity, and instruments, Item 13 2,400 2.1 
Furnishings, group Items 14, 15, 16 6,700 5.8 





Total oa he 58,300 Ib 50.7% 
It is believed that these figures compare very well with engi 
neering practice. 


Performance Estimates 


As far as aerodynamics is concerned, it was considered nec- 
essary to present a short and simple performance study in 
order to explain and justify the satisfactory fulfilment of re- 
quirements concerning the possible cruising speeds and of 
proper take-off. 

The drag figures are based on the drag of different items at 
200 mph speed at sea level. 

The wing induced drag coefficient will be: 

Cy; = Cy?/x X A.R. where A.R. for the span of 158 ft and 
wing area of 3400 sq ft equals 7.34, and Cy, for the gross 
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Fig. 4-Three views and a perspective drawing of the TA 
landplane project 


weight of 115,000 lb at 200 mph speed will be 0.33 Cp; is then 
0.00472 

It is believed that the wing of such form has not yet been 
tested in the wind tunnel giving the appropriate Reynolds 
Number, but there is no reason why its characteristics should 
differ much from the normal tapered wings of the same aspect 
ratio. As far as its drag is concerned, it was assumed that the 
profile drag would be, at the most, the one corresponding to 
the thickest section at the cruising speed angle of attack. 

The thickest profile being section NACA 23018, the profile 
drag coefficient taken was 0.0095 for Cz, = 0.35*. This co- 
efficient was, for simplification, kept constant for the slight 
variation of angle of attack, so that the portion of thrust- 
horsepower-required curve around the angle corresponding to 
the one at cruising speed could be traced, which would not 
influence greatly the determination of cruising speed. The 
same procedure was taken for the other airplane components’ 
drags. 

The drag coefficient of the thin tail surfaces section, NACA 
0006, was taken as high as 0.0075 for the reason of balancing 
incidence and higher slipstream velocity. 

The drag of one engine nacelle at 200 mph was determined 
using the mean drag coefficient 0.105 per sq ft. 
mum nacelle diameter being assumed 59 in., 
was taken as 19 sq ft. 


The maxi 
its cross-section 


The drag coefficient of pilots’ nacelle of 52 sq ft maximum 
cross-section was, considering its good shape, taken as 0.056. 

The drag coefficient of the tail surfaces outriggers was taken 
as high as 0.085 due to their angle of incidence. 
mum cross-section of each is 27 sq ft. 


The summation of drags and corresponding drag 
based on the wing at 200 mph is as follows: 


The maxi- 


coefficients 


Drag, lb Cp 

Wing induced 0.00472 X 0.002558 X3400X 200° = 1642 0.00472 
Wing profile 0.0095 X 0.002558 X 3400 X 200° = 3305 0.0095¢ 
Tail surfaces 0.0075 X 0.002558 X 1000 X200° = 767 0.00221 
Engine nacelles 4X 0.105 0.002558 X19X200° = 817 0.00235 
Pilots’ nacelle 0.056 X 0.002558 X52X200° = 2098 0.00086 
Tail surface 

outriggers 20.085 X 0.002558 X27 <200° = 470 0.00135 


Total 7299 |b 0.02098 

The total drag coefficient at 

0.02098, the total parasite drag 
- 0.00472 = 0.01626. 

The induced drag coefficients for different lift values are 

derived from the foregoing given equation. The total drag 

coeflicients are then the summations of the total parasite and 


200 mph being as above, 
coefficient will be 0.02008 


' See Fig. 20, NACA Technical Report No. 610, 1937: 
Forward-Camber Airfoils in the Variable-Density Wind Tunnel,”’ by East- 
man N. Jacobs, Robert M. Pinkerton, and Harry Greenburg. 

2 See the Journal of the Aeronautical Sciences, Vol. 5, No. 2, December, 


ge: “Propellers for Aircraft Engines of High Power Output,” by Frank 
N. Caldwell 
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induced drag coefficients. These values, combined with the 
corresponding values of lift coefficients, determine the values 
of L/D, and the thrust-horsepower-required curves, as shown 
in Fig. 5, are arrived at using the normal procedure. 

The results are plotted for both transatlantic airplane proj 
ects - TA-1 and TA-2. The steps of calculations are given in 
the following tabulation: 

c 


iy = 0.2 0.25 0.3 0.4 0.5 0.6 

Cai = 0.00173 0.00271 0.00390 0.00694 0.01084 0.02124 
+Cpy par = 0.01626 0.01626 0.01626 0.01626 0.01626 0.01626 

Cy total = 0.01799 0.01897 0.02016 0.02320 0.02710 0.0375¢ 

L/D = sis 13.18 14.88 17.24 18.45 18.67 
rA-1 drag, lb <= 9tgs 7739 6855 5916 5528 5463 
TA-2drag,lb = 10342 8725 7728 6670 6233 6160 
TA-I speed, 

mph = 242 216 197 171 153 129 
[A-2 speed, 

mph = 257 229 209 182 162 137 
TA-1 thrust hp 

required 5919 4458 3601 2698 2255 1845 
lA-2 thrust hp 

required = 7088 5328 4307 3237 2693 2250 


The thrust-horsepower-available values were determined in 
normal procedure, which was not believed necessary to give in 
detail. 

The propeller characteristics were calculated and checked in 
accordance with F. W. Caldwell’s paper?. At goo rpm the 
3-bladed propeller diameter would be 17.6 ft, giving a maxi- 
mum efficiency of 87.5%. Due to nacelles and other factors 
the maximum efficiency used in calculations was taken as only 
85%, this efficiency being used also for determination of 
thrust horsepower available for cruising at 65% power. 

The resulting values for different speeds are plotted in 
Fig. 5, thus determining the cruising and maximum speeds at 
sea level and the approximate excess horsepower for initial 
climb. 

The cruising speed at sea level being 201 mph for the TA-2 
airplane and 205 mph for TA-1 and, assuming only about 
10 % increase of speed at 10,000 ft altitude for constant cruis- 
ing horsepower, the speeds at 221 and 226 mph respectively 
could be reached 

Since the values of parasite drag were determined for the 
various items for the speed of 200 mph, which is very near the 
actual project cruising speed, and since every effort could be 
concentrated to obtain the best efficiency at this angle of inci- 
dence possibly resulting in various advantageous interferences, 
it is believed that these cruising speeds are quite conservative 
and that still higher values of cruising speeds could be reached. 
It should also be remembered that the Reynolds Number for 
the wing at this speed is already 43,000,000. 
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Fig. 5 — Thrust-horsepower- viii curves at different speeds 
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Assuming the initial climb at 130 mph, the approximate 
value of excess thrust horsepower for the TA-2 project is 3650 
thrust hp, giving the initial climb of 3650 X 33,000/115,000 
= 1045 fpm. 


Take-Off Study 


This study also is presented in a simplified form, being the 
result of actual experimentation with other airplanes. 

The most important factors affecting the take-off are the 
static and take-off speed propeller thrusts, the take-off speed, 
and the L/D value at the take-off speed, including the ground 
effects for such type of airplane. 

As far as the propeller thrusts are concerned, according to 
previous experience, it is believed that the values of 3.2 lb per 
take-off horsepower for static thrust and 2.8 lb per take-off 
horsepower for take-off speed thrust could be attained. 

The take-off speed will be influenced very much by the 
slipstream effect, since in this design as large an area as 55 % 
of the whole wing will be affected (see Fig. 4), and because 
of the great increase of slipstream velocity at take-off. The 
ratio of stalling speed without flaps to the sea-level top speed 
being about 0.38, the slipstream velocity will be 1.26V stay as 
indicated by E. P. Warner®. 

The take-off speed for Crmax = 
approximately 


V take-off = (115,000 0.002558( 3400 X 0.45 X 1.6 + 3400 
X 0.55 X 1.6 X 1.267))° = 79 mph 

The estimated value of L/D at the take-off speed, wheels 

down, is 14 where about two-thirds of drag is due to the in 

duced drag. Since the ratio of height above ground to span is 

about 1/10, the induced drag at take-off will be reduced to 


only 50% *. The value D/L will be then (1 — 0.33)/14 = 
0.048. 


1.6 (no flaps) will be then 


The take-off distance calculation is made tor the concrete 
runway using ». — 0.02. 

The initial net thrust will be 
T;/W = T,./W — p = 3.2 X 4 X 2100/115,000 

0.214 
The final net thrust will be 
Tr/W = Ty/W — D/L = 28 X 4 X 2100/115,000 
— 0.048 = 0.156 
The ratio of final net thrust to the initial net thrust being 


0.73, the corresponding value® K, is 0.041 and the take-off dis. 
tance is 


0.02 — 


S = 0.041 X 79*/0.214 = 1200 ft, 
which is not believed to be excessive and could be shortened 
eventually when using flaps. 


Operation Cost Estimation 


For this purpose the complete airplane price was estimated, 
according to Fig. 3g, at $600,000. 

The engines, propellers, and accessory prices were estimated 
as 25 % of the price of the complete airplane, that is $150,000, 
being $37,500 for each nacelle. 

For the TA-1 project the operation cost is figured for the 
non-stop flight, New York-Los Angeles, 2650 miles; for TA-2 
for New York-Paris, 3640 miles. 

Normal insurance and crew salary rates are figured for the 
TA-1 project; for TA-2 the insurance of airplane, public liabil- 
ity, and property damage, and passenger liability, as well as 
crew salary and insurance, are estimated 20% higher. 

In determining the average block speed, 4 hr was allowed 





8 See Fig. 358, 514: Ky gage ta Performance,” by Edward P. 
Wee. McGraw-Hill Book Co., 
e Fig. 224, p. 336: “Airplane. “Design ~ Performance,’”’ by Edward P. 


Wenn. McGraw-Hill Book Co., 
5 See Fig. 3, NACA Technical = No. 484, 1934: “A Method of Cal- 

culating the Performance of Controllable Propellers with Sample Comruta- 

tions,” by Edwin P. Hartman. 


for the cruising-speed time, representing an approximate in 
crease of 3 to 4% respectively. This time plus 1 more hr was 
added when determining the fuel time. 

Cruising Considerations: 




















Airplane project TA-1 TA-2 
Route distance miles 2650 364: 
Cruising speed at 10,000-ft altitude mph 226 221 
Time required at cruising speed..... eRe Sat he 11.73 16.47 
Average block time with 4% hr allowed . . oe hr 12.23 16.97 
Average block speed mph 216.7. 214.5 
Time required with 20-mph headwind hr 12.86 18.11 
Fuel time with 1.5 hr added hr 14.36 19.61 
Cruising brake horsepower (Table 1) hp 4680 468 
Specific fuel consumption lb per — hr 0.44 0.44 
Fuel consumption per hour lb 2059 2059 
Fuel load required lb 29,567 40,377 
Fuel load required gal 4928 6730 
Specific oil consumption lb per bhp-hr 0.02 0.02 
Oil consumption per hour lb 94 94 
Oil load required + 50% reserve lb 2025 2765 
Oil load required + 50% reserve gal 270 369 
Payload Considerations: 
Useful load (Table 1) Ib 42,500 55,50¢ 
Fuel and oil load Ib 31,592 43,142 
Payload lb 10,908 12,358 
Payload-units (one payload-unit = 200 |b) 54.54 61.79 
Direct Flying-Cost Considerations: 
$/hr $/mile $/hr $/mile 
Airplane depreciation (12,500 hr, 5-y1 
basis ) 36.00 0.1661 36.00 0.1678 
Engines, propellers, etc., depreciation 
(5000-hr basis) 30.00 0.1384 30.00 0.1399 
Total depreciation 66.00 0.3045 66.00 0.3077 
Fuel 0.135 $pergal 46.33 0.2138 46.33 0.2160 
Oil 0.45 $pergal 5.64 0.0260 5.64 0.0263 
Airplane maintenance (price X 0.00009) 40.50 0.1869 40.50 0.1888 
Engines, propellers, etc. maintenance 
(cruising hp X 0.0095) 44.46 0.2052 44.46 0.207 
Total maintenance 84.96 0.3921 84.96 0.3961 
Complete airplane insurance, annual 
rate of 10% 24.00 0.1108 28.80 0.1343 
Public liability & property damage in- 
surance $0.0018/mile 0.39 0.0018 0.47 0.0022 
Passenger liability insurance $0.002/pas 
senger-mile (60% load) 12.57 0.0580 14.93 0.0696 
Total insurance 36.96 0.1706 44.20 0.2061 
Crew salary & insurance (4 operating 
crew at $6.80/hr, 3 others at $1.75/hr) 32.45 0.1497 38.94 0.1815 
Flying cost per hour $ 272.34 286.07 
Flying cost per mile $ 1.2567 1.3337 


Flying cost per unit-mile is $0.0230 for TA-1 and $0.0216 
for TA-2. These figures are quite interesting considering the 
long range; yet, should TA-1 be loaded as TA-2, the payload 
would then be 55,500 |b 31,592 lb = 23,908 lb. There 
would be 119.54 payload units, and the flying cost per unit 
mile would be as low as $0.0105. This figure is much lower 
than the figures ever achieved for range of 2650 miles, but the 
dificulty would be the tack of storage space for all this load, 
although much of it as express and mail could be carried in 
place of gasoline tanks. 

From the figures for the transatlantic project TA-2 
of one passage per person could be determined. 


that there would be only 60% 


the price 
Assuming 
regularity of passenger traffic 


and that these 29 passengers w ould pay all the flying cost, that 
is, not figuring any income for mail, express goods and so on, 


= $167.4 


the price of one ticket would be 1.3337 & 3640/20 - 




















Recent Developments in Diesel 


Lubricating Ot1ls 


By G. L. Neely 


Research Engineer, Standard Oil Co. of Calif. 


EVELOPMENT and service properties of a 

new compounded diesel-engine lubricating 
oil are described in this paper. Properties of the 
oil brought out by the author include anti-ring- 
sticking value; prevention of lacquer formation; 
reduction of carbonaceous deposits; that it is non- 
corrosive to all types of bearing metals; and that 
it reduces piston-ring and cylinder wear at both 
high and low temperatures. Although recom- 
mended specifically for diesel engines, the oil also 
is suggested for gasoline engines particularly 
where engine deposits are troublesome. 


The research program leading to the develop- 
ment of this product included a chemical investi- 
gation of the fundamentals of lacquer formation 
and ring-sticking, the construction of a special re- 
search laboratory, the design and operation of 
many special laboratory devices, the preparation 
of hundreds of chemical compounds, full-scale 
engine tests in the laboratory and in the field, and 
the construction of a plant for manufacturing the 
compounding material selected. 


HEN difficult lubrication problems arise, the differ- 

\) ence between a compounded and a conventional oi! is 

often the difference between success and failure. This 
statement has been very well demonstrated in many familiar 
applications, such as the use of fatty oils in steam cylinder 
lubricants and the use of active extreme-pressure compounds 
in hypoid lubricants. In both cases inadequate lubrication 
results if the compounding is not used. 

Several years ago diesel engines, particularly the high-speed 
type, reached a state of development where conventional un- 
compounded mineral oils were no longer satisfactory. The 
company with which the author is connected was one of the 
first to initiate research work to develop compounds which 
could be used as addition agents to improve the service per- 
formance of selected oil stocks. This pioneering led to the 
development of the first compounded oil that met the anti- 
ring-sticking requirements of diesel engines equipped with 
babbitt bearings. No technical presentation of this achieve- 


[This paper was presented at the World Automotive Engineering Congress 
of the Society. New York, N. Y., May 26, 1939.] 
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Data are presented comparing the product with 
straight mineral oils and corrosive-type diesel lu- 
bricants. These laboratory tests required a total 
of 26 engines which included 7 makes of diesel 
engines and a few makes of gasoline engines. 


A fundamental property of lubricants is de- 
scribed which relates to the highest temperature 
at which an oil will wet a metal surface with a 
fluid film of sensible thickness. Data are pre- 
sented showing that engine scuffing difficulties are 
prevented by lubricants having good spreading 
properties at high temperatures, and that the new 
lubricant possesses superior spreading character- 
istics to which its breaking-in and surface-condi- 
tioning properties are attributed. 


The comparative economics of engine operation 
with this new type of lubricant and straight min- 
eral oils is discussed. Application of the oil for 
cleansing or purging of both diesel and gasoline 
engines is explained. 


ment has been made heretofore, as we preferred to await the 
time when this development could be extended to all types of 
engines. 

The emphasis on various lubricant properties varies from 
time to time, and today the most popular topic relating to the 
lubrication of internal-combustion engines deals with lacquer 
formation and ring-sticking. The much-heralded era of com- 
pounded oils is here and is justified clearly from the stand 
point of these prci lems alone. One of the objects of this paper 
is to present laboratory and engine data relating to the cause 
and cure of lacquer formation and ring-sticking, but another 
important object is to emphasize the significance of other 
lubrication aspects toward which research should be pointed 
today and upon which the popular spotlight may be focused 
tomorrow. 

The statement is sometimes made that a diesel engine which 
requires a special lubricant and which will not operate satis- 
factorily on conventional straight mineral oils, is poorly de- 
signed. We do not feel that this statement is true, any more 
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Fig. | —Interior view of new motor laboratory 


than we feel that a reciprocating steam engine should be 
expected to operate on high-pressure, superheated steam when 
lubricated with a motor oil, or that a hypoid gear should be 
so designed that it will give successful service with ordinary 
mineral oil. It is possible to design steam engines, hypoid 
gears, and high-speed diesel engines that can be operated 
satisfactorily with straight mineral oils, but a much higher 
degree of performance is possible in most cases if the proper 
compounded oils are used. We find that most diesel engines 
are really much alike in their need for improved lubricating 
oils, and those engines that do not experience appreciable 
ring-sticking and excessive piston gum formation with con- 
ventional mineral oils eventually will have trouble when tem- 
perature levels and load factors are raised in accord with the 
increasing demands for higher power outputs. Similarly, in 
the aircraft-engine field, we are in agreement with A. L. Beall 
of the Wright Aeronautical Corp. who, on numerous occasions 
during the past five years, has told us that high-outpvt aviation 
engines must have something more than straight mineral oils 
with which we are familiar. 

Advances in engine design generally place added require- 
ments on engine parts and particularly on the lubricant which 
has to associate with these parts. We do not look upon present- 
day lubricants as some fixed quantity upon which design must 
depend but, in our opinion, lubrication is an element of 
machine design in which research and ingenuity can be em- 
ployed and improvements made with the same pride of 
accomplishment as in any other phase of engine design. 

Two of the major problems facing the diesel-engine manu- 
facturer are ring-sticking and bearing failure. Bearing failure 
is due to cracking, corrosion, or a combination of the two. 
Ring-sticking was eliminated essentially by our original 
compounded lubricant and by the somewhat similar oils subse- 
quently produced by other companies. Babbitt bearing crack- 
ing was prevented in high-speed engines by lowering operat- 
ing temperatures or by the substitution of alloy bearing metal, 
such as copper-lead, cadmium-silver, or Satco metal. Obvi- 
ously the simultaneous solution of both the bearing and ring- 
sticking problems awaited the development of a non-corrosive, 
anti-ring-sticking oil. The remainder of this paper will be 
devoted to describing the development of such an oil, its per- 
formance characteristics, and the methods by which it can be 
used most effectively. 


Fig. 2—A group of preliminary ring-sticking test en- 
gines — Make No. 3 engine 


Testing Procedures 
During our investigation of compounded diesel lubricants, 
numerous small tests were devised to assist in studying funda 
mental properties and to eliminate readily the unsatisfactory 
oils. These tests included the following: 


1. Preliminary ring-sticking tests in small engines. 


2. Corrosion tests. 

3. Spreading tests. 

4. Wear tests. 

5. Stability and solubility tests. 


Although the foregoing tests were invaluable as exploratory 
tools and were effective in eliminating the majority of the 
hundreds of experimental oils and compounds prepared for 
testing, in the final analysis it was found necessary to place 
the greatest reliance on the results obtained in full-scale en 
gines. The extensive nature of the testing required in th 
development of an all-around diesel lubricant is demonstrated 
by the fact that a new laboratory (Fig. 1) was constructed for 
the purpose of carrying out this investigation. The total 
amount of large-scale testing involved may be summarized as 
follows: 


Laboratory Tests 


Gasoline Engine, miles 5,240,00 
Diesel Engine, test hr 38.14 
Field Tests 
Truck and Bus Engines, miles 4,900,001 
Diesel Tractor Engine, test hr 40,000 


Stationary Diesel Engine, test hr 6,001 
Marine Diesel Engine, test hr 
Natural Gas Engine, test hr 


5,000 


10,000 


The operating conditions used in the laboratory engine tests 
discussed in this paper are summarized in Table 1. Referring 
to this table, the following recapitulation can be made: 
Number of types of engines 6 
Number of operating conditions 8 
Range of horsepowers 
Range of bmep’s 


0.25 to 119 
2to 1ro 
Range of oil sump temperatures 


135 to 240 F 
Range of jacket temperatures 


80 to 375 F 


In most of the testing procedures the engine was operated 
at or near full load to make the conditions as severe as pos- 
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Table 1 


Load, “% 


Load, hp of rating 


Make No. 1 Engine Hot Test 50 RO 
Make No. 2 Engine — 1000 Hr Ring- 

Sticking and Wear Test pe 10S 
Make No. 2 Engine — Extreme-Load Test 25.7 150 
Make No. 2 Engine - ‘‘Hot Box Tests” a2 100 
Make No. 2 Engine - Cold Test 32 L100 
Make No. 3 Engine (Preliminary Ring- 

Sticking Tests 1.5 100 
Make No. 4 Engine 119 95 
Make No. 5 Engine 0.25 9.5 


sible. The 1ooo-hr ring-sticking and wear tests in Make No. 2 
engines represent continuous operation at slightly more than 
rated load. The “hot-box”’ test Make No. 2 engines 
an atmospheric temperature ol 
125 F, the most severe climatic condition normally encoun 
tered in practice. On the other hand, the “cold test” in this 
same kind of engine was made with a cooling jacket temper 


with 
simulated the conditions of 


ature of 80 F, which is the other extreme of temperature and 
a condition where water-type sludge is most likely to form. 
In the latter test, 4 0z of water were added to the crankcase oil 
at 20-hr intervals to accelerate further the formation of sludge. 
Another reason tor the low 
measure the cylinder wear which C. 


tests at temperatures Was to 
G. Williams,! Alex 
Taub,” and others have shown to be excessive under such 
conditions. The tests in Make No. 5 engines were made under 
very light-load conditions which produce an excessive amount 
of deposits in the ring belt, caused by incomplete combustion 
of the fuel. 

In the Make No. 1 and No. 2 engines oil changes were 
made at 60-hr intervals in all cases except those special tests 
to determine the effect of oil drains, tor which cases the charts 
are so identified. Make No. 4 engine was operated to simulate 
trucking service and oil changes were made at 28-hr or 1250 
mile intervals. Although the foregoing oil-change periods are 
listed in Table 1, they have been repeated for emphasis. 


Test Oils 

Five test oils are compared in this paper. One of them 1s a 
specially treated naphthenic-base mineral oil which our test 
work consistently showed to be the most satisfactory type of 
straight mineral oil for diesel engines. Three of the oils are 
corrosive-type commercial diesel lubricants, among which is 
included our original compounded product. The other, iden 
tified as Commercial Diesel Lubricant No. 4, is known as 
“New RPM Delo.” 

A comparison of the performance characteristics of a large 
number of base oils all containing the same compounding 
would be unnecessarily complicated, and it is not our purpose 
to compare base stocks extensively. We believe that it is now 
generally accepted that certain naphthenic-base oils are espe 
cially suitable for diesel-engine lubrication.* This statement 
will be illustrated by engine data. 

The inspections of the five principal test oils are shown in 
Table 2. These data show that, with the exception of the 
carbon residues, the inspections of the base oils are almost 
unaffected by the compounding materials used. Attention is 
called to the fact that the commercial oils are very similar in 
their inspections, indicating a similarity in choice of naph 
thenic base stocks in all cases. 
1See SAE Transactions. Vol. 31. May. 1936, pp 
Wear in Gasoline Engines,’ by C. G. Williams. 

2 See Engineering, Feb. 10, 1939, pp. 169-171: “‘Cylinder-Bore Wear,” by 
Alex Taub. 

® See Proceedings of the General Discussion on Lubrication and Lubri- 


cants, The Institute of Mechanical Engineers, Oct. 13-15, 1937: 
Lubrication of Small-Bore Diesel Engines,’ by C. G. A. Rosen 


191-196: 


“Cylinder 
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Engine Operating Conditions 


Sump Oil Jacket Air 


Temperature, Temperature Oil Change 


per sq. In I I Period, hr 
70 P05 180 75 60 
79 150 175 7D 60 
110 160 175 75 
60 210 200 125 60 
60 145 RQ 75 60 
55 2() 375 79 None 
82.5 240) 100 75 IR 
2 135 150 100 None 


Ring-Sticking and Piston-Gumming 


In general, the temperature levels throughout an engine 
increase with an increase in power output. If the temperature 
becomes sufficiently high, piston ring-sticking and excessive 
gum or varnish formation on the pistons result. These de 
posits are primarily due to lubricating oil oxidation and, in 
some diesel engines, are aggravated greatly by dust and resi 
cues from unburned fuels. Ring-sticking, if allowed to exist, 
causes an increase in blowby and a loss in compression fol- 
lowed by loss of power and difficult starting. The hot blowby 
gases dry the lubricating film from the cylinder walls and 
scoring results. Stuck rings also reduce the amount of heat 
transter from the piston crown to the cylinder walls where it 
can be carried away by the cooling water and, in extreme 
cases, the pistons may reach a melting temperature. These 
and other aspects of the ring-sticking problems have been 
extensively discussed in numerous papers by C. G. A. Rosen,* 
who has taken a leading part in cooperative investigations on 
this subject. 

In view of the international patent situation, we are not 
able at this time to enter into a detailed technical discussion 
of the chemical aspects of lacquer formation and its preven 
tion. We have, however, reached a satisfactory understanding 
ot the phenomena involved, and a paper on this subject al 
ready has been prepared, which we look forward to presenting 
when the patent situation permits. Suffice it to say for the 
present that the trouble originates from the oxidation of 
hydrocarbons and that a satisfactory compound must perform 
two primary functions: 1. inhibit oxidation, and 2. prevent 
deposition of oxidation products. 


Preliminary Ring-Sticking Tests 
In order to develop an accelerated laboratory test for deter 
mining the anti-ring-sticking value of a large number of oils, 
a small 1-cyl gasoline engine was modified extensively so as 
to render it suitable for ring-sticking work. This engine is 
listed under Test Procedures as Make No. 3. Accelerated ring 
sticking tests were used throughout our investigations of ring- 


Table 2 — Test Oils — Inspections 
Reference 
Mineral Commercial Diesel Lubricant 
Oil* No. 1 No. 2 No. 3 No. 4 

Grade, SAF. No. 30 30 30 30 30 
Gravity, deg. API 21.5 21.3 20.3 21.3 21.2 
Flash, F 390 390 390 400 400 
Color, ASTM 3— 4l4 6 34 5 
Viscosity at 100 F, S.8.U. 569 680 580 545 635 
Viscosity at 210 F, S.S.U. 54.6 58.8 56.5 56.5 56.8 
Pour Point, F —15 —10 —20 —5 —15 
Carhon Residue, %% 0.07 0.28 0.54 0.23 0.28 
Corrosive to Alloy Bearings No Yes Yes Yes No 


* Base oil stock used in Commercial Diesel Lubricant No. 4. 
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sticking and gumming problems, and these tests have been 
found so useful that the same type of engines has been adopted 
. by a large number of other laboratories. Fig. 2 shows a group 
of these engines as set up in the laboratory. 

Although this engine is a useful laboratory tool for a pre- 
liminary evaluation of anti-ring-sticking oils, it must be borne 
in mind that the results do not necessarily correlate with all 
types of service. This condition is due to the fact that one of 
the main causes of ring-sticking in diesels, namely, heavy fuel 
combustion products, is absent. Therefore, perfect correlation 
should not be expected, although experience has indicated that 
oils giving poor results in this preliminary test will also give 
poor results in a diesel engine. On the other hand, the reverse 
is not true, as many of the oils found satisfactory in the pre- 
liminary test engines do not perform well in diesels. 

Examples of the degree of correlation of the preliminary 
ring-sticking test engines and full-scale diesel engines are 
shown in Fig. 3. 

These results were selected for the purpose of illustration 
only and do not represent the general correlation, but rather 
the exceptions which make tests in full-scale equipment 
necessary. 


Diesel Engine Tests 

As previously stated, tests have been conducted in a large 
number of full-scale diesel engines operated over a wide 
variety of conditions. The first step in this work was to select 
the best type of mineral oil stock, which was found to be a 
specially treated naphthenic base oil. Test results verifying 
this choice are shown in Fig. 4. These data were obtained in 
Make No. 2 engine operated in a manner sufficiently severe 
for comparing mineral oils but of inadequate duration for 
testing the best compounded diesel lubricants. It will be noted 
from Fig. 4 that ring-sticking occurred in all cases with 
these straight mineral oils, but that a marked difference 
existed in piston deposits. The Naphthenic Mineral Oil al- 
lowed only a small deposit on the piston skirt while, with the 
Parafhnic Oil and Gasoline-Engine Oil Y, the deposits were 
more pronounced. The so-called “anti-ring-sticking” Straight 
Mineral Oil is obviously not well suited for diesel-engine 
lubrication. 

Fig. 5 shows the effect of compounding on the naphthenic 
mineral oil in the same engine as used in the above tests. The 
severity of the test was somewhat greater in this case as far as 
piston deposits were concerned, and the piston used with the 
mineral oil was coated heavily with black gummy deposits. 
The compounding present in Commercial Diesel Lubricant 
No. 4 practically eliminated all of the deposits on the piston 
skirts and relieved areas and also caused an appreciable im- 


provement in the ring belt, even though this test was about 
four times as long as that with the uncompounded mineral oil. 

Fig. 6 is a comparison of pistons used with the four com- 
mercial diesel lubricants. All of these lubricants were mark 
edly superior to the uncompounded mineral oil referred to on 
the previous chart. Commercial Diesel Lubricant No. 4 was a 
noticeable improvement over the other compounded products, 
particularly in regard to piston cleanliness. 

Fig. 7 shows pistons from “hot-box” tests in the multi- 
cylinder Make No. 2 engines simulating operation at high 
atmospheric temperatures. The piston used with the Refer- 
ence Mineral Oil had all the relieved areas and the ring belt 
heavily coated with a black sludge-like material, and two 
piston rings were stuck. Commercial Diesel Lubricant No. 4 
was a marked improvement over the uncompounded oil in 
the matter of piston deposits and ring sticking; in fact, the 
pistons lubricated with this oil were almost clean. The com 
parison of the pistons used with Commercial Diesel Lubricant 
No. 4 after 500 hr and after 1600 hr of operation is included 
to show the very low rate at which deposits accumulate on 
pistons with this type of lubricant. 

The beneficial effect of a properly compounded oil on piston 
deposits is demonstrated further by the pistons from Make 
No. 1 engine as shown in Fig. 8. The deposits formed with 
the mineral oil were excessive, and it is very doubtful that this 
engine could be operated satisfactorily when using a straight 
mineral oil. The piston used with the compounded oil had no 
stuck rings, the piston skirts were reasonably clean, and the 
deterioration of the piston condition in the period from 250 to 
1500 hr was slight. Make No. 1 engine employs alloy bearings 





MINERAL Of STOCK USED IN COMMERCIAL DIESEL 
LUBRICANT ND 4 


284 HOURS 
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Fig. 5— Effect of compounding on piston deposits — Make 
No. 2 engine -1000-hr ring-sticking and wear tests — 60-hr 
drains 


subject to corrosion and, consequently, no tests could be made 
with Commercial Diesel Lubricants Nos. 1, 2, and 3. 

Make No. 4 engine, used principally in trucks, has been 
found to experience some trouble with piston deposits, oil-ring 
clogging, and ring-sticking when operated under severe load 
conditions. These deposits are shown very clearly in Fig. 9 
on the piston used with the uncompounded oil. With the 
compounded lubricant, however, a marked improvement was 
obtained, particularly in ring-sticking and oil-ring clogging. 


Fuel Deposits 
The piston deposits formed by unburned fuel residues differ 
somewhat from those formed from lubricating oils under high 
temperature conditions. This difference may be seen in 
Fig. to which shows pistons from the Make No. 5 engine 











November, 1939 





REFERENCE MINERAL OlL ( NAPHTHENIC ) 
RING STUCK 





& ENGINE 


Fig. 4—Piston deposits obtained with straight mineral oils 
from different types of crude — Make No. 2 engine — Acceler- 
ated ring-sticking tests 


which was operated with a fuel selected to accelerate the 
deposition of fuel residues. When using uncompounded min 
eral oil in the crankcase, a heavy deposit formed in the ring 
belt, causing two piston rings to stick. These deposits were 
eliminated by the use of the compounded oil. 


Bearing Corrosion 


Corrosive diesel lubricating oils can be used only in engines 
equipped with bearings not readily subject to corrosion, such 
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Fig. 7 — Effect of compounding on piston deposits - Make No. 
2 engine — Hot-box tests —Atmespheric temperature, 125 F — 
60-hr drains 
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COMMERCIAL DIESEL LUBRICANT NO. 2 
1000 HOURS 


COMMERCIAL DIESEL LUBRICANT NO | 
1000 HOURS 





COMMERCIAL DIESEL LUBRICANT NO 3 COMMERCIAL DIESEL LUBRICANT NO 4 
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Fig. 6—Piston deposits obtained with various commercial 
diesel lubricants - Make No. 2 engine — 1000-hr ring-sticking 
and wear tests — 60-hr drains 


as babbitt. Those engines equipped with babbitt-type bearings 
have been limited in maximum speed and rate of loading, and 
particularly in the allowable crankcase temperature, by the 
relatively low fatigue resistance of babbitt. When these limits 
are exceeded, cracking results. A typical example of such 
cracking is shown in Fig. 11, which is a photomicrograph of 
a babbitt connecting rod bearing. 

When the corrosive diesel lubricants were introduced to the 
market, several bearing manufacturers initiated research to 
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Fig. 8—Effect of compounding on ring-sticking and piston 
deposits - Make No. | engine —High load tests - 80% load 
factor — 60-hr drains 
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Fig. 9-—Effect of compounding on piston deposits —- Make 
No. 4 engine -5000 miles equivalent operation -—95%/, load 
factor — 1250 mile (28-hr) drains 


develop bearings suitable for use with these oils. Work was 
already in progress in this field due to the bearing corrosion 
problems encountered with certain, highly treated paraffinic 
oils. This bearing metal research has resulted in bearings 
improved in corrosion resistance, and much credit is due the 
bearing manufacturers for their improvements. However, we 
feel that the best answer to the bearing corrosion problem is 
to use non-corrosive lubricating oils, in view of the fact that 
even high-quality babbitt bearings are attacked by the corro- 
sive diesel lubricants at high temperatures. Data illustrating 
this corrosion are shown in Fig. 12. It is possible that this 
corrosion has an accelerating effect on the cracking of babbitt 
bearings. 

In order to investigate the corrosive tendencies of a large 
number of samples, a “strip corrosion” test was used. This 
test was made in a constant-temperature bath in which a 
number of 2-in. diameter test tubes were immersed. Three 
hundred cc of test oil were placed in each test tube, and 
during testing each oil was air-blown at the rate of 10,000 cc 
per hour. To determine corrosiveness, strips were cut from 
copper-lead and from cadmium-silver bearings used in present- 
day gasoline engines. These specimens were polished and 
weighed to the nearest 0.1 mg, then hung on hooks on a steel 
rod which was immersed in the oil with the specimens about 
2-in. below the surface. The strips were removed, cleaned, 
and weighed at 24-hr intervals. At the end of the test, the 
viscosity, neutralization number, and the ASTM naphtha in- 
solubles were obtained on the used oil to determine the 
amount of oxidation that had taken place. About 2500 strip 


Fig. I! — Fatigue 

failure of babbitt 

bearing at high 

operating temper- 
ature 
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Fig. 10-Effect of lubricating oil on fuel deposits - Make 
No. 5 engine — High altitude —Low load operation 


corrosion tests were made in th‘s research on anti-ring-sticking 
oils, and the results were used to eliminate a large portion of 
the unsatisfactory compounds. Strip tests do not correlate 
with service for several reasons, although all of the oils that 
are corrosive in such tests are more or less corrosive in actual 
service. This inadequacy of strip tests is due to the fact that 
in engines other factors are introduced, including combustion 
products, decomposition of the lubricant itself, and the rub 
bing action of the crank journals. For example, a certain 
compounded lubricant was developed that appeared to be 
non-corrosive, as judged by the strip tests and a preliminary 
bearing test made outside of engines. In full-scale engines, 
however, this oil was found non-corrosive to copper-lead bear 
ings but very corrosive to cadmium-silver and Satco metal. In 
this particular case, experiments showed that the combustion 
products, always present in crankcase vapors, reduced the 
effectiveness of the addition agent. 

Copper-lead bearings are a mechanical mixture of cop 
per and lead, with the lead dispersed throughout a copper 
“sponge.” Corrosive oils generally remove only the lead from 
these bearings, leaving the porous copper which is then much 
more susceptible to cracking, scoring, and accelerating journal 
wear. Some copper-lead bearings have the lead dispersed in 
rather coarse or large particles which are not very firmly 
anchored in the copper. With such bearings the surface lead 
may be jarred loose with engine operation regardless of the 
lubricant used, and care must be taken not to confuse such 
surface lead removal with corrosion. 

Cadmium-silver and Satco metal are essentially homogene 
ous and, once corrosion starts, it rapidly increases the bearing 
clearance. These bearings may appear to have failed by 
“wiping, but such failure frequently is induced by corrosion. 

Examples of bearing corrosion data from the strip tests and 
from actual engines are given in the following figures: 

Fig. 13 shows typical results for the 300 F strip corrosion 
tests. 

Figs. 14, 15, 16, 17, and 18 show engine data illustrating the 
non-corrosive nature of Commercial Diesel Lubricant No. 4. 
Figs. 14, 15, and 16 show that this anti-ring-sticking oil is as 
non-corrosive as the most non-corrosive straight mineral oil 
with which we are familiar. Fig. 17 shows the comparative 
wear rates of copper-lead, cadmium-silver and babbitt bearings 
in a diesel engine. Fig. 18 shows results obtained with Satco 
bearings with various oils. The slightly higher wear with 
mineral oil than with Commercial Diesel Lubricant No. 4 is 
believed to have been caused by a mechanical condition rather 
than to a characteristic of the oil, 
corrosive to Satco metal. 


since both oils are non 
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Engine Wear 

It is recognized that the life of an engine depends largely 
upon the rate of wear of the critical parts. For example, the 
maximum wear on the cylinder walls almost invariably occurs 
at the very top of the piston-ring travel, and it is the wear at 
this particular point that largely determines the condition of 
the engine. Normally, it is considered that a total diametrical 
wear of 0.010 to 0.020 in. is the maximum amount of wear 
with which an engine of reasonable small bore will perform 
satisfactorily. Thus, when this amount of wear is found in an 
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Fig. 15 


Fig. 12 — Babbitt corrosion — Strip tests at 350 F 
Fig. 13 — Bearing corrosion — Strip tests at 300 F 
Fig. 14-—Copper-lead bearing corrosion - Make No. 3 engine 


Fig. 15 — Low-temperature bearing wear —- Make No. 2 engine 
-80F jacket temperature-145F crankcase temperature — 
60-hr drains 
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engine, an overhaul is necessary. Cylinder measurements were 
obtained in all of the long-time engine tests made in the 
investigation of diesel lubrication problems, and marked dif 
ferences were found with the various test oils. 

The measurement of cylinder wear must be mac very care 
fully to be reliable. In our tests special micrometers equipped 
with verniers reading to 0.0001 in. were used, and measure- 
ments were made at the following points in the cylinders: 

1. One-quarter in. above top ring travel. 

2. At top ring travel. 

3. One in. below top ring travel. 

4. Below bottom ring travel. 


The measurement of the cylinder in the section where the 
ring does not rub establishes a base line to which all measure- 
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Fig. 18 


Fig. 16— Bearing corrosion —- Make No. | engine - High load 
tests — 80% load factor — 60-hr drains 


Fig. 17-Bearing wear—Comparison of bearing metals - 
Make No. 2 engine — Hot-box tests - Atmospheric tempera- 
ture, 125 -F-—Commercial diesel lubricant No. 4 


Fig. 18—Satco bearing corrosion—Make No. 2 engine - 
1000-hr ring-sticking and wear tests -60-hr drains 
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ments can be corrected. Thus, slight differences in tempera- 
ture, micrometer adjustment, or the “feel” of the man making 
the measurements do not influence the results. 

In computing cylinder wear, only the maximum values of 
diametrical wear were used. Since the cylinder wear at posi- 
tions in the cylinder only an inch below the top of ring travel 
are practically negligible, it is obvious that, by averaging the 
maximum wear with values taken at several other points in 
the cylinder, a fictitious result may be obtained, and the com- 
parison of such values with maximum wear values is of very 
limited significance. 

Fig. 19 shows cylinder-wear data obtained in Make No. 2 
engine. It will be noted that all but one of the compounded 
oils showed better results in this engine than the uncom- 
pounded mineral oil. This result was attributed to improve- 
ment in ring condition which limited blowby and decreased 
the amount of abrasive materials reaching the crankcase oil 
from the combustion chamber. 

Fig. 20 shows cylinder-wear data from Make No. 2 engine 
operated at high atmospheric temperature conditions. Com- 
parison of Figs. 19 and 20 will show that the mineral oil and 
the Commercial Diesel Lubricant No. 1 are not in the same 
order under the different operating conditions, whereas Com- 
mercial Diesel Lubricant No. 4 showed low wear characteris- 
tics in both tests. This difference in results is an excellent 
example of the need for carrying out tests under a range of 
conditions of speed, temperature, loads, and so on. 

Fig. 21 shows wear data obtained in our Kinetic Oiliness 
Testing Machine. This machine has been described in pre- 
vious papers,* and the method of operating to obtain the data 
shown was substantially the same as in the previous investiga- 
tions. It will be noted that, with both of the oils for which 
results are shown, an increase in temperature caused an in- 
crease in wear, but that the increase with the straight mineral 
oil was much more rapid than with the compounded oil. 

Wear data in an entirely different type of machine are 
presented in Fig. 22. The surfaces in this case were hard steel 
on hard steel. These data are submitted to substantiate the 
low wearing qualities of Commercial Lubricant No. 4, and to 
show that it is sometimes possible to obtain a fair degree of 
correlation between engines and test machines by proper selec- 
tion of surfaces and operating conditions. 

Although we do not rely on wear data obtained from such 
devices as the Kinetic Oiliness Testing Machine, these ma- 
chines are very valuable for verifying engine results. Test 
machine data.are usually obtained more quickly and repro- 
ducibly than in engines, due to the smaller number of vari- 
ables influencing the results but, in our opinion, the results 
represent substantially single properties of the oils. For ex- 
ample, the tests in the Kinetic Machine were made with the 
surfaces submerged in oil and such factors as spreading, 
abrasives, or combustion effects were not importantly involved. 
In engine wear investigations, the test engine work should 
predominate, and test machines should be considered secon- 
dary and supplementary. When considered from that ap- 
proach, we feel a greater confidence in wear results where the 
engine and one or more wear machines are found to correlate. 


Limiting Adhesion Temperature 


It has been our belief for several years that one of the most 
frequent causes of wear of machine parts is the lack of lubri- 


4See Proceedings of the General Discussion on Lubrication and Lubri- 
cants, The Institute of Mechanical Engineers, Oct. 13-15, 1937: ‘Friction 


and Wear Comparisons for Lubricated Surfaces,’ by G. L. Neely. 
5 Patent rights reserved. : 
®See SAE Transactions, Vol. 33, October, 1938, pp. 393-402: “Safe 


Viscosity for a Motor-Car Engine Lubricant,” by S. W. Sparrow. 
™TSee SAE Transactions, Vol. 31, August, 1936, pp. 328-332 


“Cylinder 
Temperature,” by Macy O. Teetor. 


cant or “dryness,” even when large quantities of oil are circu- 
lated. Investigation of fundamental properties indicates that 
conventional oils tend to spread or run from hot to cold sur- 
faces with a rather marked and measurable force. This force 
varies with the temperature and for a given force a certain 
temperature is reached with each oil above which it will not 
adhere to the surface. Several devices for investigating spread 
ing properties of lubricants have been built in our laboratories, 
one” of which we use extensively. Although this device does 
not exactly duplicate cylinder-wall conditions, the phenome 
non involved is a fundamental characteristic of great impor 
tance in lubrication, particularly for internal-combustion en 
gines. We regret that we are not free to present any descrip 
tion of these devices at this time, for patent reasons. We shall, 
therefore, confine our remarks to some of the practical aspects 
of this property of oils which we term “limiting adhesion 
temperature.” 

Fig. 23 shows a comparison of “limiting adhesion tem 
peratures” of several of the oils considered in this paper. It 
will be noted that all of the Commercial Diesel Lubricants 
were somewhat superior to the uncompounded mineral oil in 
this property. Compounds, in general, are not very effective 
in improving the high-temperature spreadibility of oils and 
may be detrimental as in the case of Compound 1. On the 
other hand, some compounds are very beneficial in this regard 

When cylinders and piston rings become worn with con 
ventional mineral oils, they often have the appearance otf 
incipient scufing. This condition we attribute largely to lack 
of lubricant caused by the failure of the oil to adhere to the 
hot surfaces. Engine parts used with oils of high “limiting 
adhesion temperatures,” such as Commercial Diesel Lubri 
cant No. 4, are characterized by very smooth surtaces and the 
absence of scuffing. The relationship between “limiting ad 
hesion temperature” and scuffing is discussed later in the 
Section in “Breaking-In.” 

The degree of correlation between “limiting adhesion 
temperatures” and engine wear obtained in Make No. 2 
engine is shown in Fig. 24. Although we do not feel that the 
spreadibility of oils is the only factor influencing cylinder 
wear, the relationship shown on Fig. 24 is considered definite 
evidence that spreadibility does influence wear rates. 

It has been found in our experiments that “limiting ad 
hesion temperatures” increase somewhat with increase in vis 
cosity which may well account for some of the heretotore 
unexplained advantages of the heavier oils for certain appli 
cations. In this connection, attention is called to the finding 
of S. W. Sparrow® that a heavy grade of straight mineral oil 
gave better breaking-in results in a gasoline engine than a 
light grade, unless the light grade was compounded suitably. 
Macy O. Teetor‘ also has mentioned scuffing at high tempera 
tures and stated: 


“The relation that has been observed indicates that, when the surtace 
temperature exceeds 400 F, a break-down in lubrication may be expected 


permitting metal-to-metal contact between the rings and cylinder wall 
The resulting damage to the face of the piston rings and the cylinde: 
wall depends considerably upon the operation of the engine. The rings 
passing over the hot area scuff and carry the destruction to the rest ot 


the cylinder which, in turn, scuffs the piston.” 


Although we do not wish to quote numerical values ot 
“limiting adhesion temperatures” due to the fact that thet 
magnitude depends entirely upon the testing conditions, we 
find that piston-ring temperatures in many diesel engines and 
in high-output gasoline engines, such as aircraft engines, 
exceed the “limiting adhesion temperatures” of the oils com 
monly used. We feel that such lubricants should and must be 
compounded to have adequate spreadibility if engine design 
is to progress. 


When it is considered that oils of low “limiting adhesion 
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temperature” will not maintain a continuous film on piston 
rings and cylinder walls of high output engines, it becomes 
obvious that all other properties of such lubricants are of 
secondary importance. 

The ability of oils of high “limiting adhesion values” to 
flow to and remain on very hot surfaces 


lubrication, 


and thus maintain 
places added requirements on such lubricants. 
These requirements include anti-ring-sticking properties of 
high order, coupled with high stability so that the good- 
spreading oils will not deposit gum on these very hot areas 
that poor-spreading oils avoid. 
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Fig. 19-Cylinder wear— Make No. 2 engine — 1000-hr ring- 
sticking and wear tests — 60-hr drains 


Fig. 20 - Cylinder wear — Make No. 2 engine — Hot-box tests — 
Atmospheric temperature, 125 F — 60-hr drains 


Fig. 21 — Steel wear — Kinetic oiliness testing machine 
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Cylinder Wear at Low Temperatures 


Fig. 25 shows cylinder-wear data obtained in cold tests. 
The wear under these conditions was even higher than the 
wear obtained in the hot tests, but for a different reason. 
According to the most generally accepted theory, this wear 
resulted primarily from corrosion caused by water and other 
combustion products. both of the compounded 
diesel lubricants tested were effective in reducing this type 
of wear. 


tow ever, 


An interesting aspect of diesel-engine wear studies is the 
fact that real and measurable wear due to differences in lubri- 
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Fig. 24 


Fig. 22 — Steel wear-—Laboratory testing machines 


Fig. 23-Comparison of limiting adhesion temperatures of 
test oils with reference mineral oil 


Fig. 24-Limit'ng adhesion temperature vs. cylinder wear — 


Make No. 2 engine — 1000-hr ring-sticking and wear tests - 
60-hr drains 
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Table 3- Comparison of Hot and Cold Test Results — Make No. 


Cylinder Wear Rate, 
1000 hr 


in. 


0.0068 


0.0078 
0.0015 


0.0179 
0.0106 
0.0118 
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Fig. 25-—Low temperature cylinder wear—Make No. 2 en- 


gine — Jacket temperature, 


145 F — 60-hr drains 


Fig. 26 —Piston-ring groove wear - Make No. 2 engine — Hot- 
box tests — Atmospheric temperature, 


125 F 


80 F; Crankcase temperature, 


Fig. 27—Aluminum wear-— Kinetic oiliness testing machine 


2 Engines 


Bearing Wear Rate 


Crankcase 
gm per 1000 hr Ring- Oil-Ring Temperature, 


Copper-lead Cadmium-silver Sticking Clogging FE 
0.115 2 stuck 60% 210 
4 tight 
Babbitt Bearings Used None 15° 210 
0.158 None Trace 210 
0.201 0.177 None 20% 145 
Babbitt Bearings Used None None 145 
0.132 0.132 None None 145 


cants and operating temperatures can be obtained and the 
extent of the wear is of sufficient importance to provide an 
incentive to develop improved lubricants to effect substantial 
benefits. The economics of the differences in diesel engine 
wear attributable to differences in lubricants is discussed later 
in this paper. 


Aluminum Piston Wear 
Although the cylinder liners and piston rings are generally 
the engine parts most subject to the destructive wear that 
necessitates overhaul, the wear of 
sometimes be more serious. 


other engine parts may 
This statement is particularly true 
of the ring grooves of the pistons, since worn grooves cause 
oil pumping, blowby, and sometimes engine failure. 
groove wear data from Make No. 2 engine are shown on 
Fig. 26. Referring to this chart, it may be noted that the 
increase in top groove clearance with Commercial Diesel 
Lubricants Nos. 1 and 4 was substantially the same as with 
the uncompounded mineral oil. Commercial Diesel Lubricant 
No. 3, on the other hand, allowed abnormally high wear and 
is therefore concluded to be unsatisfactory for general use, 
although it does possess the ability to prevent ring sticking. 
The satisfactory oil must not allow excessive wear in any part 
of an engine. 


Piston 


The wear characteristics of the various oils under considera- 
tion with respect to aluminum on cast iron also were obtained 
in the Kinetic Oiliness Testing Machine. The data are plotted 
on Fig. 27 and show that, at the highest test temperature, 
375 F, all the oils permitted the substantially same relative 
wear as found in the engine tests. The wear rate with Com 
mercial Diesel Lubricant No. 3 was about three to four times 
as high as with the other oils. 

Tables 3 and 4 summarize the complete results from Make 
No. 2 and Make No. 1 engines, respectively. These data have 
been referred to previously in the foregoing discussions, but 
are summarized here for reference and are intended simply to 
show the effect of the type of oil on diesel-engine performance. 

Breaking-In 

For a great many years it has been general practice to break 
im engines and other types of machinery by operating them 
at low loads and speeds. This is done to prevent scuffing, as 
during breaking-in there are high spots remaining from the 
machining, grinding, and honing operations that must be 
removed by the rubbing action of one frictional surface against 
the other. Diesel engines are usually more difficult to break in 
than gasoline engines, because the diesel cycle requires that the 
compression pressures in the cylinders be sufficiently high to 

cause spontaneous ignition of the fuel, whereas this require 
ment is unnecessary in the gasoline engines. Although it has 
been found that special surface treatments, such as the one® 


® See National 
Surfaces New 


Petroleum News, June 29, 


Lubrication.” 
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Fig. 28 — Extreme-load 

breaking-in tests — Pis- 

tons from Make No. 2 
engine 


Tena 


* 
REFERENCE MINERAL OIL 


developed by laboratories with which the author is connected, 
aid greatly during breaking in and, therefore, are finding 
rapidly increasing acceptance by the engine and parts builders, 
the function of the oil is of equal importance. 

In order to investigate the breaking-in characteristics of the 
various oils in our laboratories, a special breaking-in procedure 
was developed for use in Make No. 2 engines. This procedure 
involved operating the engine for a prolonged period at 50% 
overload and was of such severity that normal oils allowed 
scufing when using untreated cylinders and piston rings. 

Typical results from this test are given in Fig. 28, which 
shows a scratched piston that was used with an uncom- 
pounded oil, and pistons that passed satisfactorily with Com- 
mercial Diesel Lubricants Nos. 2 and 4. 

Fig. 29 shows photomicrographs of the top piston rings 
from these tests in comparison with a new piston ring. Scor- 
ing marks may be seen on the ring used with the straight 
mineral oil, whereas the other two used rings were relatively 
smooth, although considerably more wear occurred with Com- 
mercial Diesel Lubricant No. 2 than with Commercial Diesel 
Lubricant No. 4. This high break-in wear is characteristic of 
the compound used in the former oil, but it should be men 
tioned that, in subsequent operation, the wear has been found 
to be at a considerably lower rate. 

In discussing breaking in, the question of film strength 
almost always arises. We believe that high-temperature spread 
ing or adhesion is far more important than “test-machine film 
strength,” since poor spreading properties may result in a total 
absence of oil between the piston rings and cylinder walls. 
Data substantiating this conclusion are shown in the table 
which appears in the opposite column. 

These results show that increasing the film strength from 
120 to 600 with no appreciable change in the “limiting adhe- 
sion temperature” had a slightly beneficial effect on “engine 
film-strength.” On the other hand, increasing the “limiting 
adhesion temperature” with only a slight change in film 
strength markedly improved break-in properties. 
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Stability 

The service stability of a compounded diesel lubricant is 
dependent on two factors: 1. the stability of the base oil, and 
2. the stability of the compounding material. 

The oil stock used is important, as poor stability places an 
extra load on the compounding material. Also, oxidation may 
increase the viscosity excessively or render the oil corrosive. 
The stability of the compounding material is its ability to 
remain in the oil in effective form. Thus, compounds that are 
sparingly soluble and settle out in storage are unsatisfactory to 
the user, and he may be asked to “roll the barrel before using 
the oil.” The criterion of the stability of the compound in 
service is the length of time it will continue to perform its 
desired function. 


There are, generally speaking, two types of anti-ring- 
Change Engine 
in Film 
Limiting Strength 
Adhesion Hours of 
Tempera- Operation 
Test ture Due at 50° 
Machine toCom- Overload 
Film pounding, Without Piston 
Oi! Strength F Seuffing Condition 
Mineral Oil 120 0 ] Scuffed 
Commercial Diese] Lubricant No. 1 120 55 2 Scuffed 
Commercial Diesel Lubricant No.2 800+ 125 16+ One stuck 
ring 
Commercial Diesel Lubricant No.4 200 150 16+ No stuck 
rings 
Experimental Diese! Lubricant 600 20 8 Scuffed 


sticking compounding materials used in diesel lubricants: 
those that are oxidation catalysts and those that are oxidation 
inhibitors. Although both types may have the property of 
preventing ring-sticking, the catalysts increase the amount of 
oxidation that normally occurs with the base oil alone. Also, 
such catalysts are generally corrosive themselves or become so 
with use. On the other hand, the inhibitors tend to retard 


Table 4—Summarized Results —- Make No. 1 Engine 
Bearing Wear Rate, 
Oil Test Cylinder Wear Rate, gm per 1000 hr ting- Oil-Ring 
hr in. /1000 hr Copper-lead Cadmium-silver Sticking Clogging 
Reference Mineral Oil 250 0.0015 0.245 0.072 9 Stuck 55% 
Commercial Diesel Lubricant No. 4 250 0.0005 0.216 0.081 Non? None 
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NEW PISTON RINGS 





PISTON RING SCRATCHED IN TEST WITH 
REFERENCE MINERAL OiL 





PISTON RING BROKEN IN WITHOUT SCRATCHING 
WITH COMMERCIAL DIESEL LUBRICANT NO. 2 


WITH COMMERCIAL DIESEL LUBRICANT NO. 4 





Fig. 29-Extreme-load breaking-in tests—- Make No. 2 en- 
gine — Photomicrographs of top piston rings 


PISTON RING BROKEN IN WITHOUT SCRATCHING 





MINERAL OK STOCK USED IN 
COMMERCIAL DIESEL WUBRICANT NO 4 
200 HOURS WITHOUT CLEANING 

FILTER CLOGGED 


COMMERCIAL DIESEL LUBRICANT NO 4 
250 HOURS WITHOUT CLEANING 100 HOUR 
FILTER NOT CLOGGED TER WN 





Fig. 30-Effect of compounding on filter deposits —- Make 
No. | engine - High load tests—80% load factor — 60-hr 
drains 





Fig. 31 — Effect of compounding on filter 


deposits —- Make No. 2 engine — Hot-box tests — Atmospheric temperature, 125 F — 60-hr 


drains 


oxidation and are generally non-corrosive. Data illustrating 
such differences in compounding materials as found in com- 


mercial lubricants are as follows: 


Oils Air-Blown 72 Hr at 300 F in Strip Corrosion Tests 


Increase in Neutral- 
Viscosity at ization Naphtha  Cor- 
100F 210F No. Insoluble rosive 
Reference Minera! Oil 477 11.6 2.8 238 No 
Commercial Diesel Lub. No.1 (1) 1851 33.9 4.8 618 Yes 
Commercial Diesel Lub. No.2(1) ‘1181 27.2 3:5 270 Yes 
Commercial Diesel Lub. No.3(1) 1136 20.1 4.9 431 Yes 
Commercial Diesel Lub. No. 4 (2 245 6.5 0.9 12 No 


Note: (1) Contains catalyst-type compound. 
(2) Contains inhibitor-type compound. 


Since the inhibitor type of compound tends to retard oxida 
tion, there is considerably less sludge formation in engines 
with oils containing these compounds. This statement is well 
exemplified in the section following on filters. 

‘ilter Clogging 

The purpose of an oil filter is primarily to remove foreign 
materials suspended in the lubricating oil. If engines are em 
ployed in dusty atmospheres, as is almost always the case in 
tractor operation, efficient air filters and oil filters are required 
to maintain the engine free from abrasives. For this purpose 
a full-flow, strainer-type filter is widely used on high-speed 


diesel engines. These filters tend to plug, in time, under 


severe operating conditions due to accumulations of oil oxida 
tion products and solid contaminants, and the amount of 
deposit on a filter is sometimes considered to be an index 
of the suitability of oil for use in such engines. A number of 
strainer-type filters, all used tor the same operating time using 
60-hr oil drains, are shown in Fig. 30 in which it may be seen 
that the filter used with the uncompounded mineral oil was 
heavily coated with carbonaceous material. The filter used 
with Commercial Diesel Lubricant No. 4 for about the same 
length of time had only a thin coating and, after 1500 hr ot 
operation, the deposit was not excessive. Figs. 31 and 32 show 
similar results with filters from Make No. 2 engine and from 
a truck diesel engine, respectively. Photographic results ot 
similar tests on Commercial Diesel Lubricants 1, 2, and 3 ar 
not available, but they were found intermediate to straight 
mineral oil and Commercial Diesel Lubricant No. 4. 

The action of an inhibitor-type anti-ring-sticking compound 
in reducing filter clogging may be attributed to two factors: 
1. the reduction in blowby due to improvement in the freeness 
of the rings, which limits the amount of fuel decomposition 
products reaching the crankcase, and 2. reduced oxidation of 
the crankcase oil itself. 

In addition to the conventional full-flow strainer-type filter, 


the problem of auxiliary filters also must be considered. Thes« 


filters generally have elements consisting of 


Fuller’s earth, 
various clays, cotton waste, or chemically treated materials. 
Their purpose is to improve the cleanliness ot the lubricating 
oil and, to justify their use, they must cause an improvement 
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Effect of Oil Drains 


Bearing Wear Rate 


Test Cylinder Wear Rate gm per 1000 hr Ring- Qil-Ring 
Test Conditions hr in. /1000 hr Copper-lead Cadmium-silver Sticking Clogging 
Make No. 1 Engine - High Load Tests 
80% Load Factor 
60-Hr Drains 500 0.0005 0.301 0.086 None Trace 
120-Hr Drains 500 0.0008 0.385 0.080 5 Tight 10% 
Make No. 2 Engine — Hot-Box Tests 
Atmospheric Temperature, 125 F 
60-Hr Drains 500 0.0015 0.158 None Trace 
No Drains 500 0.0045 0.765 8 Tight 45% 


either in engine operation or lubricating-oil lite. As previously 
stated, the life of a compounded anti-ring-sticking diesel lubri 
cant is dependent on the rate at which the compounding 
material is consumed. The negligible effect of such filters on 
piston deposits may be seen by examining the photographs 
shown in Fig. 33. 


This chart shows that excellent results 


were obtained with 60-hr drains, whereas eliminating the oil 


® See SAE Transactions, Vol. 34, January, 1939, pp. 23-28 
velopments Relative to Crankcase Oil Filtration,” by A. T 


“Some De 
Mac Donald 





MINERAL OIL STOCK USED IN COMMERCIAL DIESEL 
LUBRICANT NO. 4 


COMMERCIAL DIESEL LUBRICANT NO. 4 


Fig. 32-Effect of compounding on filter deposits —- Make 
No. 4 engine — 5000 miles equivalent operation -— 95% load 
factor — 1250 mile (28-hr) drains 








drains detracted greatly from the results and no improvement 
for the “no-drain” condition was caused by the use of the 
auxiliary filter. In this same test, however, it was found that 
the auxiliary filter did assist markedly in maintaining the 
cleanliness of the regular strainer filter. It is our belief that 
the chief role of oil falters is to remove solid contaminants 
from the crankcase oil and thus protect the crankshaft and 
other engine parts from abrasive wear. 

With regard to the role of filters our views agree with those 
presented by A. T. MacDonald® who concluded: 


“Leave the refining or chemical treatment of lubricants squarely up to 


the refiner, the air-cleaning problem to the air-cleaner manufacturer, and 


the removal of solids to the lubricating-oil filter where they respectively 
belong.” 


Oil-Change Periods 


In considering the use of any lubricating oil, the question is 
almost invariably raised: “How long can the oil be used with 
out changing?” This problem has been given considerable 
attention in the gasoline-engine feld and there is still no 
clear-cut verdict. It is a fact, however, that lacquer deposits 
and oil-ring clogging are bound to occur with any oil if it is 
not drained frequently enough. With diesel lubricants the 
problem is somewhat different. These oils contain compound 
ing materials to eliminate piston gum, ring-sticking, sludging, 
and so on and, in performing this action, the compounds are 
consumed. This consumption is such that, if the oil is not 
changed when the concentration of compounding material 
becomes lower than that necessary to maintain adequate en 
gine cleanliness, the advantages gained by the use of the 
compounding are lost and stuck rings or heavy deposits may 
result. 


The effect of not changing oil is illustrated in Fig. 34, which 





250 HOURS 250 HOURS 250 HOURS 500 HOURS 500 HOURS 
NO AUXILIARY FILTER NO AUXILIARY FILTER ENGINE EQUIPPED WITH 60 HOUR DRAINS NO OIL DRAINS 
60 HOUR DRAINS NO OIL CHANGES AUXILIARY CLAY FILTER ALL RINGS FREE 2 RINGS STUCK 


NO OIL CHANGES 


Fig. 33 — Effect of auxiliary filters on piston deposits — Make No. 2 
125 F-Com- 


engine — Hot-box tests— Atmospheric temperature, 
mercial diesel lubricant No. 4 


Fig. 34- Effect of oil drains on piston condition - 
Hot-box tests—Atmospheric temperature, 125 F - 
Commercial diesel lubricant No. 4 
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shows clearly the value of fresh oil in maintaining the pistons 
in a clean condition. The piston from the test made without 
changing the oil was coated heavily with carbonaceous mate- 
rial in the ring belt, had carbonaceous deposits in the oil rings, 
and had two stuck piston rings. 

The effects of oil drains are summarized in Table 5. In 
Make No. 1 engine the only significant difference was in ring- 
sticking, oil-ring clogging and, as mentioned before, in filter 
clogging. In Make No. 2 engine, however, the elimination of 
drain periods increased cylinder and bearing wear as well as 
ring-sticking and filter clogging. 

We believe that any engine can be maintained free from 
ring-sticking and objectionable deposits if the oil is changed 
sufficiently often. To obtain optimum overall results, the best 
plan is to follow the engine manufacturer’s recommendations, 
since the time for oil changes depends on the engine, the size 
of the oil sump, the type of operation and, to a large extent, 
on the engine temperatures. With large sumps, an operating 
time of 1ooo hr or even more can be used whereas, with a 
very small crankcase capacity, less than too hr is desirable. 

In trucking service employing diesel engines, tor example, 
the temperature levels are generally rather high and, in order 
to maintain the engine in a clean condition with maximum 
protection against gumming, bearing trouble, high engine 
wear, and other engine problems caused by oil deterioration, 
oil-change periods as low as 25 hr may be necessary. 


Economy 

The question of operating economy often is raised when 
consideration is given to the use of compounded lubricants. 
Although a saving in overall cost can be demonstrated easily 
by means of calculations based on reduced wear, increased 
time between overhauls, and reduced oil consumption, no 
single set of calculations can be made for all operating con- 
ditions. It can be shown, for example, that the maintenance 
costs (materials and labor) of a small-bore, 4-cyl, liner-type 
diesel engine operated over a 10,000-hr period will be $750 if 
the engine is lubricated with a straight mineral oil. This 
expenditure can be reduced to $150 by using a low-wear, 
compounded diesel lubricant by reducing the number of en- 
gine overhauls required. If the cost of lubricating oil is in- 
cluded, the compounded oil could cost twice as much as the 
straight mineral oil and still show an advantage of 40% in 
operating costs. These calculations are based on engine repairs 
plus lubricant costs and do not consider the necessary shut- 
downs and: engine clean-ups required if an oil of poor ring- 
sticking properties is used. Also, no consideration is given to 
the revenues lost during shutdowns which, in some operations, 
may be as high as $20 per hr. 

Another very important factor in operating economy is oil 
consumption. In short periods, the consumption characteris- 
tics of a diesel lubricant depend solely on the volatility and 
viscosity of the base oil. However, the condition of an engine 
has an even greater effect on the rate at which it consumes oil, 
and it is believed that the consumption in an engine that has 
been in use for a long period of time since overhaul depends 
primarily on: 1. The degree of freedom of the rings; 2. the 
amount of carbon formed in the oil-ring slots; 3. the wear of 
the piston rings; and 4. the surface condition of the rings and 
liners. These effects are illustrated on Fig. 35, which com- 
pares the effect of engine age on oil consumption with the 
various lubricants under consideration. 

In selecting diesel lubricants, all of the foregoing factors 
should be given careful consideration, and best results cannot 
be obtained if an attempt is made to reduce oil costs at the 
expense of greatly increased engine-repair and maintenance 
costs. 
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Fig. 35-— Oil consumption — Change with engine age — Make 
No. 2 engine — !000-hr ring-sticking and wear tests 


Purging of Dirty Engines 

One of the most useful properties of anti-ring-sticking diesel 
lubricants is that their ability to maintain piston rings free and 
piston deposits at a minimum may be employed to free stuck 
piston rings and to remove piston deposits that have been 
\ This action is 
attributed to several factors, among which are included thx 
following: 


caused by operation with poor lubricants. 


1. With the diesel lubricants, lithe or no gum is formed on 
the engine parts, and the previously deposited gummy films 
are removed by abrasion and erosion. 


2. Compounds that prevent the deposition of gummy mate- 
rials also remove these materials. 

3. Compounded diesel lubricants suspend gummy and car- 
bonaceous materials in the oil, which allows them to be dis 
carded with the drained oil. 


An example of the cleansing or “purging” effect of com 
pounded diesel lubricants is shown in Fig. 36. On this chart 
the relative piston appearance is an arbitrary value obtained 
by inspecting the piston and is illustrated by photographs ot 
This 
engine was operated for 36 hr with an uncompounded min 
eral oil. Due to ring-sticking, blowby became excessive toward 
the end of the 36-hr period and the power output of the 
engine could not be maintained. After the engine was in 
spected at 36 hr, the oil was changed to Commercial Diesel 
Lubricant No. 4. With the compounded oil, operation im 


the pistons at various intervals throughout the test. 


proved rapidly as the compression rings became free. The oil 
ring was stuck and overlaid with carbon deposits and did not 
become free until after a relatively long operating period. It 
may also be seen that the piston condition continued to im 
prove after 200 hr of operation with the compounded oil, and 
probably would have reached a value characteristic of this oil 
if the test had been continued for a sufficiently long time. 
During the test, the jacket temperature was reduced from 
375 F to 300 F for the purpose of accelerating the “purging” 
effect. 

The gummy and carbonaceous materials that are removed 
from an engine and suspended in the “purging” oil often tend 
to clog filters and oil screens in a relatively short time. For 
this reason, careful attention should be given to these parts 
during initial operation with a “purging” oil. In this regard, it 
is significant that the clogging material may be a pale varnish 
similar to orange shellac, and the filter will not appear to be 
clogged. The oil flow is restricted in this case, however, and 
cleaning is necessary to maintain full pressure. 

In purging engines, it has been observed in a few instances 
that the crankcase oil foams to a noticeable degree. This 
foaming is attributable to the suspension in the “purging” oil 
of certain deposits which are being removed from the dirty 
engines. These contaminants include carbonaceous material, 
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dirt, and certain reaction products of decomposed oil and 
engine parts. When the “purging” oil has been used long 
enough to remove these previous deposited contaminants, this 
abnormal foaming tendency disappears. 

The use of compounded diesel lubricants tor “purging” is 
not restricted to diesel engines, and these lubricants may be 
used to free stuck rings and remove gummy deposits from 
any types of engines. If the compounded diesel lubricant is 
of the corrosive type, however, its use must be restricted to 
engines equipped with babbitt bearings, whereas the non 
corrosive compounded diesel lubricants may be used for this 
purpose in any type of engine. In performing purging service, 
best results can be obtained with frequent oil changes due to 
the loosening and suspending of the previous deposits which 
should be removed from the circulating oil before they become 
excessive. Such use places an extra load on the compounding 
material, which is another reason for frequent oil changes. It 
should be emphasized that purging cannot renew engine parts 
and that, in many cases, particularly diesel engines, it is 
necessary to disassemble the engine and install new parts to 
obtain satistactory performance. 


Use in Gasoline Engines 

A question commonly asked by the ultimate consumer is: 
“Can I use a compounded diesel lubricant in my automobile?” 
As many passenger cars employed alloy bearings when the 
diesel lubricant under consideration was corrosive to these 
bearings, the answer had to be: “No.” This limitation not 
only meant that an extra supply of oil had to be maintained 
for gasoline engines, but also introduced the problem of bear 
ing failure in certain gasoline engines, should the diesel lubri 
cant be used inadvertently. Gasoline engines do not require 
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an oil possessing the same degree of anti-ring-sticking value 
found in the compounded diesel lubricants, but a non 
corrosive diesel lubricant may be used very satisfactorily. 
Examples of the use of a diesel oil in a passenger car engine 
are shown in Fig. 37- These results show a marked difference 
between the poorest and best motor oils. With the diesel 
lubricant, relatively poor results were obtained when no oil 
changes were made, due to the fact this oil consumed its 
“anti-gumming” value while maintaining the pistons abnor 
mally clean during the first few thousand miles of use. How 
ever, when oil changes were made at 2000 miles, excellent 
results were obtained. 

These photographs were included to emphasize the fact 
that, with compounded oils, the life of the oil is influenced by 
the lite of the compounding and that too long an operating 
pe riod cannot be used. 

Another point on which emphasis should be placed is the 
fact that the value of a compounded oil depends on both th 
base oil and the compounding material. Also, the type of 
service tor which the oil is intended influences the choice. For 
example, it was shown on Fig. 3 that Mineral Oil A plus 
Compound No. 1 had relatively good anti-ring-sticking value 
in one diesel engine, but Mineral Oil B plus the same com 
pound had little or no anti-ring-sticking value in the same 
engine. This result shows that Compound No. 1 was com 
patible with Mineral Oil A, but 
Mineral Oil B. 

Another interesting comparison can be made between Gaso 
line Engine Oil Y and Commercial Diesel Lubricant No. 4. 
When both tests were made without oil changes, the gasoline 
engine oil was by far the better. On the other hand, a com 


parison of these two oils in a diesel engine may be obtained 


not suitable for use with 
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Fig. 36-Engine purging —- Removal of deposits with commercial diesel lubricant No. 4— Make No. 3 engine 
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GASOLINE ENGINE OIL X 
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COMMERCIAL DIESEL LUBRICANT NO.4 
NO DRAINS 


COMMERCIAL DIESEL LUBRICANT NO. 4 
2000 MILE DRAINS 


Fig. 37- Gum deposits in passenger car engines — 6000-mile 
tests at 285 F crankcase temperature 


from Figs. 4 and 5 which show a reversal of performance and 
‘ a marked advantage for the diesel lubricant. 

In considering this paper, the question arises: “If this com- 
pound is so good, why not use it in all motor oils and aircraft 
lubricants?” The answer to this question is that the service 


Discussion of 


Effect of Oils on 
Octane Requirement 
— Ulric B. Bray 


Union Oil Co. of Calif. 


N the paper which the present writer and his co-workers presented 
during the annual meeting of the Society at White Sulphur Springs 
in 1938", it was pointed out that the next major improvement to be 
anticipated in the field of diesel engine lubrication would be the develop- 
ment of non-corrosive, all-purpose diesel-engine lubricating oils, and a 
prediction was made that it would be only a matter of time until such 
oils would be available commercially. We extend to Mr. Neely our 
’ heartiest congratulations upon being the first to offer this new-type lubri- 
cating oil to the trade and predict that his oil will soon be joined by 
others of the non-corrosive type. 

In his discussion of some of the fundamentals involved in the develop- 
ment of non-corrosive compounded lubricating oils, Mr. Neely empha- 
sizes an interesting concept, “limiting adhesion temperature.” Although 
this terminology may have a definite appeal to some, we have found it 
helpful to resolve this property of the oil into two components, oiliness 
and film strength. We agree with Mr. Neely that film strength or anti- 
welding property alone is insufficient to insure satisfactory lubrication 
but, as pointed out in our earlier article, when the property defined as 
oiliness is combined with film strength, provision is then made for the 
most severe lubricating requirements. With improved materials being 
used in piston rings and liners, and with the various methods of pre- 
treating rubbing surfaces, the opinion has arisen in some quarters that 
the combination of oiliness and film strength is becoming of less impor- 





® See SAE Transactions, Vol. 34, January 1939, pp. 35-42: “‘Improve- 
‘ments in Diesel-Engine Lubricating Oils,” by Ulric B. Bray, C. C. Moore, 
Jr., and David R. Merrill. 


requirements of gasoline engines are somewhat different from 
diesels and that, to achieve optimum results, a different com 
bination of base oil and compounding material is required. 
It was decided that, in view of the greater need for an all- 
around diesel lubricant, to limit our discussion to diesel-engine 
lubrication developments at this time. 

In summary, it may be said that this paper presents, for the 
first time, a diesel lubricant having all of the following practi 
cal properties: 


1. Anti-ring-sticking value. 


tv 


Non-corrosivity. 

3. Low wear at both high and low temperatures. 
4. Good breaking-in properties. 

5- High stability in both storage and service. 


It is hoped that the paper clearly demonstrates, in a thor 
oughly practical way, real significant differences in lubricants 
and how lubricants can be modified advantageously in various 
essential properties by compounding. Fundamental work is 
essential as a background in lubrication work of this sort 
because, when changes are made, it is necessary that the 
underlying phenomena be understood so that the final product 
may represent a balanced lubricant. 

We believe that the era of straight mineral oil for diesel 
lubrication is rapidly passing for all time, and that all high 
quality lubricants for internal-combustion engines will contain 
compounding materials in the near future. 

In closing, we want to take this opportunity to say that, in 
dealing with the problems discussed in this paper as well as 
other problems involving fuel and lubricant research, the co 
operative attitude and practice existing between the automo 
tive and petroleum industries is the most important factor of 
all and, furthermore, that the association of the technical men 
of these two great industries and their interchange of ideas has 
been greatly facilitated by this Society. 


Neely Paper 


tance. We definitely disagree with this latter view, and wish to re 
emphasize the importance of film strength in preventing destruction of 
the frictional surfaces under emergency conditions and the practically 
continuous function of oiliness agents to reduce wear under normal or 
mildly severe operating conditions. 

A considerable portion of Mr. Neely’s paper is applicable to the everv- 
day operation of diesel engines, and it is believed that the operators of 
diesel engines (and also other types of engines) will do well to consider 
seriously the discussions regarding filters and oil-change periods. We are 
not quite as optimistic as Mr. Neely, however, as regards effectiveness of 
the “purging” tendency of compounded diesel engine lubricating oils 
when placed in engines which have become fouled or excessively dirty 
through the use of uncompounded mineral oils. It is true that, in many 
instances, the use of compounded oils following the use of straight min 
eral oils will bring about remarkable improvements but, if the piston 
deposits have reached the point where a buffing wheel is required to 
reduce the deposits to a level where engine operation is not threatened, 
it appears doubtful whether any compounded oil developed to date will 
take the place of the buffing wheel. 

In connection with the discussion of the use of compounded diesel 
engine lubricating oils in gasoline engines, we wish to bring out one 
point which Mr. Neely failed to emphasize, namely, that the use of the 
type of compounded diesel-engine lubricating oils under discussion, all of 
which show a sulfate ash value of 0.15 to 0.30% by weight, results in 
the deposition of a layer of calcium sulfate (or other mineral matter) in 
the combustion chamber. This layer of mineral deposits has been found 
to have the same adverse effect on octane requirement as the layer of 
carbon deposited by residual-type paraffinic oils. In a series of road tests, 
the compounded diesel-engine lubricating oils resulted in an increase in 
octane requirement of 10 to 16 octane numbers which is of the same 
order of magnitude as was found with typical Pennsylvania oils in these 
same engines. The base oil, without the diesel-engine additives, caused 
an octane increase of only 3 to 6 octane numbers. This factor alone is 
believed to militate seriously against the use in gasoline engines of any of 
the compounded diesel-engine lubricating oils which we have examined. 

















Aircraft Engines and Their 


Lubrication 


By Arthur Nutt 


Vice-President of Engineering, Wright Aeronautical Corp. 


R. NUTT outlines the recent progress in the 

development of aircraft engines by a brief 
review of the progress made during the past 10 to 
15 years. He explains some of the design details 
which have aided in this progress. The various 
design features are discussed to emphasize the im- 
portance of detail research and development. 
Among the items of importance are cooling, super- 
charging, vibration damping, fuels, materials, and 
spark plugs. 


Included in the paper are discussions of the 
trends in fuel injection, compression-ignition en- 
gines, co-axial propellers, liquid-cooled engines, 
engine types, sleeve-valve engines, lubrication, and 
the relative progress in the development of Ameri- 
can and European engines. 


Although this Country is not lagging in its tech- 
nical ability to produce high-output engines, the 
author cautions that we must continue to provide 
adequate funds and personnel if we are to main- 
tain a satisfactory position in the industry. 


N attempting a discussion of trends in aircraft engines 

there is always the danger of making prognostications 

which are not borne out by subsequent experience. This 
fact is confirmed by a review of the literature on this subject. A 
good example is the very excellent paper presented by A. H. R. 
Fedden! at the International Automotive Engineering Con- 
gress in Chicago, Sept. 4, 1933, entitled: “Next Decade’s Aero 
Engines Will Be Advanced But Not Radical.” In this paper 
he stated that tests have shown that any intercylinder baffle 
which is really effective from the cooling standpoint definitely 
increases the drag of the aircraft. He also stated that he 
cannot believe that this type of cowling, namely, NACA 
cowling, can allow of reasonable working conditions for the 
engine except in the case of passenger or racing aircraft. We 
all know now, as a result of experience, that these statements 





[This paper was presented at the World Automotive Engineering Con- 
gress of the Society, San Francisco, Calif., June 7, 1939.] 2 

1See SAE Transactions, Vol. 28, December, 1933, pp. 377-401: “Next 
Decade’s Aero Engines Will Be Advanced But Not Radical,” by A. H. R 
Fedden. 
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have been disproved. In reference to the Wright Cyclone 
engines, he made the statement that: “. . . this engine with 
its two large valves and no gearing and, consequently, un- 
damped crankshaft is probably near the end of its tether on 
crankshaft speed.” As will be pointed out later, this statement 
also has been disproved. 

Therefore, in putting down opinions on trends in aircraft 
engine design, it must be expected that many of the statements 
will not be correct after several years have passed. In spite of 
this fact, the paper which Mr. Fedden presented together with 
subsequent papers of similar type has been very valuable to 
the industry in the study of aircraft-engine design trends and 
has predicted the future extraordinarily well. It is absolutely 
necessary in the engine industry to look ahead three to five 
years to plan the engine development course of any large 
organization and, although mistakes in judgment may be 
made, in general the balance is in favor of making predictions 
based on data available. 


Details of Developments 


A brief review of the progress over the past fourteen years 
will indicate what has been taking place and may be of 
assistance in picturing what may take place in the future. 
Curves of take-off hp, bmep at take-off hp, take-off rpm, and 
specific weight in Ib per bhp-hr over these fourteen years, as 
illustrated in Fig. 1 show an increase in power of three times 
in the single-rrow Wright Cyclone engine, an increase in bmep 
of over roo lb per sq in. or double the figure obtained in 1925, 
an increase in engine speed from 1900 to 2500 rpm, and a 
reduction in specific weight of from 2.2 to approximately 1.1 
lb per hp or to about one-half. 

Many times during the period of this development one 
heard the statement that the 9-cyl single-row radial engine had 
at last reached its ultimate. This has not been the case as each 
year an improvement in power, brake mean effective pressure, 
engine speed, and weight per horsepower has been accom- 
plished. What has made this steady improvement possible? 
Not one single item but the results of continued research on 
many items of design in the engines, accessories, and fuels 
which, when added together, make an appreciable increase in 
performance. Among those items contributing to the improve- 
ment are cooling, supercharging, vibration damping, spark 
plugs, fuels, oils, dynamic suspension, reduction in engine 
vibration, and materials. 


Cooling 


The improvement in cooling, as illustrated in Fig. 2, shows 
an increase in cooling area in the cylinder head of about 600 


301 





502 


S.A.E. JOURNAL 





Vol. 45, No. 6 


(Transactions) 


TAKE-OFF 


& 
oe 
3 
° 
a 
~ 
7) 
x 
re) 
x 


HORSE POWER 


B.M.E.P AT 
TAKE -OFF 


P.M. 


ENGINE 
TAKE -OFF 
R 


HR 





SPECIFIC 
WEIGHT 
L8s/B.HP. 


1931 1933 1935 1937 


1939 
IMPROVEMENT OF CYCLONE ENGINE PERFORMANCE 


1925 - 1939 


a 
a 


1 -—Improvement of Wright Cyclone engine perform- 


st ance — 1925-1939 


sq in. to approximately 2300 sq in. The depth of the fins on 
the cylinder heads has increased about three times and the 
pitch of the cylinder-head fins has decreased from 0.375 to 
slightly over 0.2 in. The limit on cooling has not been reached 
by any means, and research work at the laboratories of the 
NACA has indicated that we can put several times more cool- 
ing area on cylinders with considerable advantage, the only 
limitation being foundry and manufacturing technique. Con- 
siderable research work is now taking place on various meth- 
ods of applying fins to cylinders which will provide thinner, 
deeper, and closer spaced fins, and the results of this research 
should be evident within the next few years. The writer 
believes that, if sufficient finning is applied to an air-cooled 
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cylinder head, decreased sensitivity to detonation, decreased 
fuel consumption, less sensitivity to cooling air temperature 
variation, and higher brake mean effective pressure will be 
obtained. 
Supercharging 

The performance of a hypothetical 1ooo-hp engine, using 
three different types of supercharging, is shown in Fig. 3, 
bringing out clearly the advantage to be obtained in the use 
of the exhaust turbo supercharger. These curves do not tell 
the whole story as they do not show the indicated horsepower 
ot the cylinder. Such curves would show that the turbo 
supercharger has considerable advantage in lower indicated 
mean effective pressure because of taking its energy from the 
exhaust to drive the supercharger. Both the two-stage and 
turbo superchargers must, of course, be fitted with inter 
coolers which add weight and complications to the structure 
of the airplane but more than pay for themselves on a weight 
per-horsepower basis. Certainly there is considerable advan 
age in having double the horsepower: at 20,000 ft through the 
use of the exhaust turbo supercharger which has been under 
development for almost 25 years, the development being 
retarded principally because of the inability to obtain satis 
factory materials to withstand the high temperatures of the 
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Fig. 3— Performance curves of hypothetical 1000-hp engine 
using three types of supercharging 
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exhaust gases. Improvement in materials has been gradual, 
but today there are a limited number of turbo-supercharger 
installations in service operation giving sufficient satisfaction 
to warrant further development of the device. No doubt 
within the next five years there will be a considerable increase 
in the use of this method of supercharging. Obviously under 
these conditions, if a curve is plotted showing the progress of 
engine performance over the past ten years, and if this curve 
is extrapolated over the next five years, there should be an 
increasing rate of performance throughout the period. This 
increased performance naturally will be reflected in the im 
provement in performance of military aircraft in particular 
and subsequently in that of commercial transport aircraft. 


Dynamic Damper 


One of the items which has contributed more toward the 
development of aircraft engines during the past twenty years 
than any other single item is the dynamic damper illustrated 
in Fig. 4. At the time Mr. Fedden made his statement regard- 
ing the future of engines of the type of the Wright Cyclone, 
he did not anticipate the use of a device which would elim 
inate the serious stresses in the propeller and crankshaft sys- 
tem. The introduction of this damper, ably described in a 
recent engineering paper* by Prof. E. S. Taylor, one of the 
inventors (Roland Chilton being the other), has made possible 

2See SAE Transactions, 
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an increase in the power of present aircraft engines without 
increasing the weight of the crankshaft and propeller systems. 
Graphical representations of the improvement which can be 
obtained by the use of the dynamic damper in the Wright 
Cyclone engine are shown in Figs. 5 and 6. Although these 
curves do not show the amount of decrease in stress, it is 
sufficient to say that, when an engine has a curve such as 
shown in Fig. 5, it is definitely overstressed and troubles will 
begin to occur in service at around 1000 hr. With the damper 
applied and the amount of angular excursion in the crankshaft 
reduced to approximately one-tenth, the stresses are lowered to 
a point where no fatigue takes place. This method of damp- 
ing is applicable not only to single-row engines but to double- 
row and even in-line types. Almost any undesirable order of 
vibration can be eliminated by the construction of dampers 
tuned to the proper frequency. The damper has taken the 
crankshaft and propeller system definitely out of the “cut-and- 
try” empirical design class and has placed it in the category 
of a design item about which we are getting quantitative data 
in a scientific manner. Complete understanding of all these 
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stresses involved in the crankshaft-propeller system is, of 
course, not known at this time but, undoubtedly, within the 
next few years information will be available so that the design 
of these systems will be on a very sound engineering basis. 
Through the use of the damper, power may be increased, and 
it is believed that, in some cases, weight may be removed from 
the propeller and crankshaft system without increasing stresses. 


Spark Plugs 

The development of spark plugs during the past twenty 
years has required a constant battle to keep up with the devel- 
opment of engines. Spark plugs are always working too close 
tu the maximum performance of the engine. They should 
have more factor of safety, that is, they should be able to 
operate at a higher brake mean effective pressure than the 
normal permissible brake mean effective pressure of the engine 
in which they are used. In general, spark plugs are abused in 
service, being blamed often for troubles for which they are 
not responsible. Many spark-plug troubles are caused by too 
much reconditioning, and often they are retired from service, 
not because they have worn out, but because their life has 
been reduced by too much reconditioning. The need for 
better spark plugs and more sources of supply is evident, and 
it is hoped that, in the next few years, these sources will be 
available together with designs which will operate at a very 
much higher brake mean effective pressure. The engine de- 
signers have hopes that a plug with a satisfactory ceramic 
insulator will be developed, and the writer believes that such 
a development is possible at the present time. Unfortunately, 
the makers of good spark plugs know too little about making 
good ceramics and vice-versa. It appears like an excellent 
opportunity for the two specialists to get together. 


Fuels 


The engine designer cannot take all the credit for the im- 
provement in performance during the past fourteen years 
because about fourteen years ago, 73-octane fuel was intro- 
duced in the aviation industry as indicated in Fig. 7, and the 
octane number of fuel has increased periodically since that 
time. It is most amusing to look back and recall the state- 





Fig. 6 


Figs. 5 and 6— Graphical representation of the improvement obtained by the use of the dynamic damper in the Wright Cyclone 
engine is shown by a comparison of Fig. 5 (left) without damper and Fig. 6 with damper 
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ments made by the oil refiners during this period. They were 
willing to produce 73-octane clear gasoline but were very 
definite in their statements that such a fuel could not be pro- 
duced on a commercial basis at a reasonable price, and we 
have heard the same story about 80, 87, and 95 CFR octane 
fuel since that time. We waited a long time from 1928 to 
1936 to get 95-octane fuel which would not be here today had 
it not been for the United States Air Corps urging its develop- 
ment. Unfortunately, we see a dip in the curve for 1936 to 
1937, at which time it was necessary to introduce go-octane 
fuel because of the inability of the oil refiners to reduce the 
price of the g5-octane fuel to an economical level. The reason 
for this condition is, of course, the use of expensive iso-octane 
in the g5-octane fuel to increase the octane number. Regard- 
less of this fact, the writer has said, and will continue to say, 
that there is too much ability in the oil industry to believe 
that g5-octane fuel will not be made on an economical basis 
ultimately. 

The day has gone when crude oil can be taken from the 
ground, poured in a pot, distilled, and sold to the public in 
its various fractions. More and more will the processed or 
synthetic fuels be developed, particularly for aircraft use. The 
development which has been taking place in the laboratories 
of the oil refiners during the past year indicates the tremen- 
dous field for research which is available, the results of which 
we hope will be reflected in the performance of engines in the 
future. Details of the various new types of fuels cannot be 
divulged at this time, but it suffices to say that progress in 
fuel development has been greater in the past six months than 
in many years previously. The subject will be discussed fur- 
ther under the heading, “Fuel Injection.” 


Dynamic Suspension 


Every internal-combustion engine is naturally subject to 
considerable vibration excited by explosion and other forces 
in the engine. To isolate these forces from the airplane struc- 
ture, Prof. E. S. Taylor and K. A. Browne developed what is 
known as “dynamic suspension” which they have explained in 
detail before the Society of Automotive Engineers.’ Briefly, 
the system is similar to the Chrysler “floating power” but is 
accomplished by means of the suspension all on the rear of the 
engine (see Figs. 8 and 9). 

The linkage used in this system provides free motion of the 
engine from the mounting structure and, as an example of 
what this device will do to an engine installation, a 40% 





8See SAE Transactions, Vol. 34, May, 1939, pp. 185-192: “Dynamic 
Suspension —- A Method of Aircraft-Engine Mounting,” by K. A. Browne. 
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Fig. 7—Years of introduction of various octane fuels 


reduction in vibration was measured by a vibration apparatus 
in one two-engined airplane. The use of this system and the 
principle involved naturally will permit the use of even higher 
power engines without the detrimental effects of vibration or 
explosion forces on the airplane structure and passengers. One 
item which might be touched upon briefly is the engine vibra- 
tions which occur due to inherent unbalance in the design, 
such as the secondary forces of unbalance caused by lack of 
true motion in the connecting rod. The writer often has been 
asked what is being done to eliminate this type of vibration. 
The use of true-motion connecting rods is not new, as they 
have been used in production aircraft engines in the past such 
as in the 5-cyl air-cooled Lawrence engine and many of the 
smaller air-cooled engines made abroad. With the increase in 
size of the engines the mechanical difficulties involved in this 
design made it necessary to go to the articulated type of con- 
necting rod, but there are many possibilities for different de 
signs of true-motion rods which ultimately may be used and 
again will contribute to improvement in engine performance. 


Materials 


Steady but slow progress has been made over the past 
twenty years in materials but, until a decided improvement is 





Fig. 8 — Four-spring link-type dynamic suspension for geared 
Cyclone 


made in this direction, it is not likely that there will be very 
much decrease in the weight per horsepower of aircraft en- 
gines. Stronger, lighter, and stiffer materials are needed. 
Materials are needed which have better bearing qualities, 
higher fatigue properties, and which do not chafe or scuff 
when bolted together under high stress. We must look to the 
producers of raw material for much of this development as we 
are unable to divert very much engineering talent in this 
direction at the present time. Perhaps this viewpoint is a little 
harsh as we may be too close to the problem to appreciate how 
much has been done. Actually, without some of the improved 
materials we would not have the engine performance that we 
have today. These improvements have consisted of better 
aluminum cast and forged alloys, better steels (particularly 
nitrided steels), and the improvement in the quality of the 
materials produced. The improvement in quality of present 
materials is perhaps the most outstanding contribution be- 
cause, in some cases, such as cylinder heads, practically the 
same alloy is being used today as was used twenty years ago. 
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Fig. 9 —Link-type dynamic suspension on double-row Cyclone 


Compression Ignition Vs. Spark Ignition 


No paper of this type would be complete without a compari- 
son of the so-called diesel, but more correctly termed com- 
pression-ignition*®: *:®, and the otto-cycle spark-ignition en- 
gines. Without question the Germans have gone further in 
the development of aircraft compression-ignition engines than 
any other nation. They have had in production for a number 
of years two-cycle, two-crankshaft engines with a rating of at 
least 600 hp at sea level. This design has no supercharger to 
enable the engine to give additional power or even the same 
power at any higher altitude. To obtain a comparison of the 
performance of the two types of engines, the Cyclone F-54 
and the Junkers performance curves are shown in Fig. 1o. 


*See NACA Technical Note No. 569, 
Compression-lgnition Engine with a 
Moore ard Hampton H. Foster. 

5See NACA Technical Note No. 619, 1937: “Compression-Ignition 
Engine Performance at Altitudes and at Various Air Pressures and Tem- 
peratures,’ by Charles S. Moore and John H. Collins, Jr. 

®See SAE Transactions, Vol. 30, September, 1935, pp. 328-341: “High- 
Speed C-I Engine Performance; Three Types of Combustion Chamber,” 
by Ernest G. Whitney. 


1936: “‘Boosted Performance of a 
Displacer Piston,’ by Charles S. 


800 


600 


CYCLONE FS4 
RATED Z2100R PM 
#620 CU.IN. DISP. 
FOUR CYCLE 


soo 


JUNKERS 205 
RATED 2100RPM 
1014 CU.IN. DISP 
Two CYCLE 


BRAKE HORSE POWER 


300 


200 





SEA LEVEL 5,000 


10,000 
ALTITUDE - FEET 


15,000 20,000 25070 


Fig. 10 — Performance of Cyclone F-54 four-cycle spark-ignition 
engine and Junkers 205 two-cycle compression-ignition engine 
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You will note that, at approximately 15,000 ft altitude, the 
Cyclone develops about 60% more horsepower than the 
Junkers. In addition, although the take-off power is not 
shown, the F-54 Cyclone engine develops 640 hp for take-off 
whereas the Junkers 205 engine develops only 600 hp. The 
weight of the Junkers engine including coolant and radiator 
is about 1400 lb and the weight of the geared Wright Cyclone 
F-54 engine is 1095 lb. At 15,000 ft altitude, the Junkers 
engine weighs 2.6 lb per hp dry, and the F-54 Cyclone, 1.6 
lb per hp dry, a saving of 1 lb per hp. Obviously, the increase 
in weight is necessary to take care of the high peak pressures 
which are present in the compression- ignition engine. It often 
has been claimed that the compression-ignition engine can be 
built with the same peak pressures as an otto-cycle engine, and 
this statement is true if one talks about peak pressures at 
take-off power. The proponent of the compression-ignition 
engine passes by quickly the fact that the compression-ignition 
engine has a high peak pressure even at cruising speeds and 
that the engine must be constructed to take care of these high 
peak pressures throughout its entire power range as shown in 
Fig. 11. At a cruising power corresponding to a maximum 
raped of 140 lb per sq in., the compression-ignition engine has 

1 peak pressure of almost rooo lb per sq in. when running 
ae maximum-economy conditions which is equiv alent prac- 
tically to the peak pressure of the spark-ignition engine at 
take-off. The spark-ignition engine has a peak pressure of 
only 600 to 700 |b per sq in. at cruising. 

Although the weight difference is not large when the air- 
plane is considered for use on long-distance flights, neverthe- 
less, any additional weight in the engine means a reduction 
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Fig. 11-Comparison of peak cylinder pressures in spark- 
ignition aircraft engines and NACA compression-ignition 
engines 


in payload. Actual operation of the Junkers compression- 
ignition engines on transatlantic experimental flights has indi- 
cated that 0.39 lb per bhp-hr has been obtained and similar 
flights with spark-ignition engines indicate that from 0.40 to 
0.42 lb per bhp-hr fuel consumptions have been obtained. 
Laboratory tests on both types of engines will show lower 
consumption. The proponents of compression-ignition engines 
have failed to realize that to date long flights do not comprise 
the backbone of our air-transportation system and, if com- 
pression-ignition engines were to be used in short-flight oper- 
ations, the extra weight of the engine would reduce greatly 
the earning power of the equipment. It cannot be denied that 
some reduction in fire hazard is obtained by the use of a fuel 
which has zero Reid vapor pressure or which does not vapor- 
ize below 100 F. In the same breath it can be said that it is 
not necessary to have a compression-ignition engine to burn a 
fuel with these characteristics. There are indications that fuels 
will be available of high octane number and with zero vapor 
pressure in the near future. It is believed that these fuels will 
be available at prices comparable to the present-day gasoline 
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Fig. 12 —- Wright Cyclone G-100 engine 


and that they will have a calorific value as good as gasoline. 
It such is the case and this fuel can be burned in spark- 
ignition engines, the fire-hazard element will be eliminated as 
far as being an argument in favor of the compression-ignition 
engine. The shortcoming of the compression-ignition engine 
altitude performance can be overcome only by the use of some 
type of supercharger and, with the two-cycle engine, the 
exhaust-driven type is necessary. Naturally the exhaust-driven 
supercharger will have available less power from the exhaust 
of the compression-ignition engine and, therefore, the per- 
formance of the compression-ignition engine cannot be ex- 
pected to be as good even with the exhaust-driven super- 
charger. The excess air needed in the compression-ignition 
engine also will reduce its altitude performance. 

Little is known about the operation of the modern com- 
pression-ignition engine in actual service operation, but it is a 
fairly well known fact that the piston problem is not easy. 
The hand fitting of pistons after green test in production, as 
witnessed by the writer, is an indication that the set-up is 
temperamental. Under the wide variation of temperature 
conditions in actual operation of these engines, service opera- 
tion is far more difficult than under the uniform laboratory 
conditions. The fact that Germany has curtailed the use of 
the Junkers engine in its high- performance military airplanes 
is good evidence that the compression-ignition type of engine 
has not yet reached the performance of the spark-ignition 
engine. They have a good reason in Germany for building 
compression-ignition engines because of the lack of a proper 
supply of good aviation gasoline, and further development of 
the compression-ignition engine may take place in Germany 
and other countries faced with this situation. 


Fuel Injection 


The previous subject leads to a discussion of the trend 
toward fuel injection which is very evident in Germany. 
Spark-ignition engines are being produced there in production 
using gasoline injection into the manifolds. It is believed that, 
if the so-called safety type of fuel is to be used in spark- 
ignition engines, it will be necessary to inject the fuel into 
the cylinder to obtain the benefit of the heat of compression 
required to obtain satisfactory vaporization. The writer be- 
lieves that more engines will be built with fuel injection in 
the future using the so-called safety type of fuel of high octane 


Fig. 13— Perseus Bristol 9-cyl sleeve-valve engine 
number. The development of fuel injection has been retarded 
primarily because of the introduction of the ice-free carburetor 
and also because of the lack of satisfactory high-octane, low 
volatile fuels at a reasonable price. With new fuels recently 
in the picture and the desire for elimination of highly volatile 
fuels from the standpoint of fire hazard, there are sound 
reasons for going ahead with the further development of fuel 
injection. 

Co-Axial Propellers 

With the increase in engine power and speed the propeller 
problem becomes more complicated. Can you picture a 2000 
hp single-seater pursuit airplane with a 15 or 18-ft propeller? 
The landing gear would have to be built on stilts and such a 
landing gear could not be folded into the structure. There 
would be many other complications which would result from 
the use of tremendous diameter propellers on small airplanes. 
Co-axial propellers, namely, two propellers rotating in opposite 
directions on one propeller shaft, appear to be one answer to 
this problem. Not only is a small-diameter propeller obtained, 
but engine torque is eliminated, making a very nice handling 
airplane as far as ground and flying characteristics are con 
cerned. There may be a slight penalty in propeller efficiency, 
but to date there is no evidence to show that such is the case. 
There probably will be a slight penalty in weight, but the 
gains will more than compensate for this fact. The interest in 
the construction of co-axial propellers has probably been luke- 
warm because of the complication of the design of controllable 
pitch propellers, which complication is not insurmountable. 


Liquid-Cooled Vs. Air-Cooled Engines 


Before discussing this old question in detail reference is 
made to the following illustrations: The Wright Cyclone 
G-100 engine shown in Fig. 12; the Perseus Bristol g-cyl 
sleeve-valve engine illustrated in Fig. 13; the Rolls-Royce 
Merlin engine shown in Fig. 14; Mercedes-Benz DB-600 en 
gine, Fig. 15; Napier Dagger 24-cyl “H” engine, Fig. 16; 
Hispano-Suiza 24- cyl “H” engine, Fig. 17; Allison liquid 
cooled vee engine, Fig. 18; and the 


double-row Wright 
Cyclone-14 engine, Fig. 19. These engines represent a fairly 


good cross-section of the different types of engines which are 
in production in the aircraft industry throughout the world 
at the present time —a wide variety of shapes and designs. All 
are in the same power class approximately except the 


of them 
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Fig. 14 — Rolls-Royce Merlin engine 
Fig. |6- Napier Dagger 24-cyl "H" 
Fig. 18—Allison liquid-cooled vee engine 


engine 


double-row Cyclone and the Hispano-Suiza “H” engine. A 
tairly good idea is obtained of the trend in design of the 
modern aircraft engine from these photographs. With the 
advent of higher speed military aircraft there will be, in the 
writer's opinion, a change in the design of engines which will 
lead ultimately to the development of pure military engines 
and pure transport engines with a third class of smaller 
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Fig. 15 — Mercedes-Benz DB-600 engine 
Fig. 17 — Hispano-Suiza 24-cyl "H" 
Fig. 19 — Double-row Wright Cyclone-14 engine 


engine 


powers for small airplanes for use in schools and private oper 
ation. The engines of higher horsepower in the military and 
transport classifications will have equal reliability and dura- 
bility at equivalent output, but the output on the military 
engines will be increased greatly at the expense of durability 
and reliability. A guess based on considerable information on 
the operation of engines in military and commercial use is 
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Fig. 20 — Estimated cruising output versus overhaul period for 
aircraft engines 
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Fig. 21 — P-36 pursuit plane 
Fig. 23 — English Spitfire pursuit 
Fig. 25 — Bell Airacuda 





shown in Fig. 20. There is reason to believe that this trend 
will come about the same as it came about in the construction 
of truck, bus, and automobile engines, all of which started off 
originally as automobile engines. Production has been too 
small to permit the construction of the various special types up 
to the present time but, as the aircraft industry increases, the 
need for such engines will become more pressing and the 
development will take place. 

As far as the problem of liquid versus air-cooled engines is 
concerned, there is no question in the writer’s mind that both 
types of engines will continue to be built for many years. 
There is no economy in building liquid-cooled engines in 
small powers but, in the larger powers, there is a reason for 
building the liquid-cooled engine as the type can be built in 
a smaller space, which advantage is becoming increasingly 
important in very high speed military aircraft. In obtaining 
the small compact engine, however, good accessibility is lost, 
and such an engine may not be looked upon with favor by 
the transport or even the military operators. The form of 
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Fig. 22 — P-40 Curtiss pursuit plane 
Fig. 24—- Blenheim bomber 
Fig. 26 - Douglas bombardment airplane 
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Fig. 27 — Boeing bombardment airplane 


Fig. 29 — Lockheed two-engine pursuit plane 


engine to be built will depend greatly upon the type of aircraft 
in which the engine is to be used. We may see a reversion to 
the separate propellers driven through shafting or other means 
such as was abandoned in the early days in favor of more 
simple construction. Such designs will be developed experi 
mentally to determine the value of the construction. There 
are too many factors involved to be able to evaluate such 
designs without actual construction, and the logical place for 
such development is through the military channels. Although 
military engines of high output and unusual design no doubt 
will be more expensive and require more man-hours of labor 
to build, nevertheless, these factors should not be overlooked 
because the strength of any nation is determined by the num- 
ber of man-hours of labor available in one form or another. 


Engine Types 

A better picture of the necessity for a variety of engine 
types may be obtained by examination of the photographs of 
the various high-powered airplanes in which these engines are 
required; the P-36 pursuit plane shown in Fig. 21; the P-40 
Curtiss pursuit illustrated in Fig. 22; English Spithre pursuit, 
Fig. 23; Blenheim Bomber, Fig. 24; Bell Airacuda, Fig. 25; 
Douglas bombardment airplane, Fig. 26; Boeing bombard- 
ment airplane, Fig. 27; Boeing Clipper, Fig. 28; Lockheed 
two-engined pursuit plane, Fig. 29; Bell pursuit plane, Fig. 30. 
It takes little imagination to realize that the engines comprise 
a large proportion of the drag of an airplane and that anything 
that can be done to eliminate drag is welcomed by the aero- 
nautical engineer. 

Possibly we shall see flat engines in production in the next 
few years of the type or similar to the type which was shown 
in the 1932 Paris Aeronautical Show by the Potez Co. This 
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Fig. 28 — Boeing Clipper 
Fig. 30 — Bell pursuit plane 


engine never went into production, but it indicates a trend in 
design at that time which was beyond its day. 

Comparative performance figures of airplanes with various 
types of engines never have been evaluated properly as, always, 
when a different type of engine is installed in the same air- 
plane and compromises of design are necessary, changes in the 
airplane affecting aerodynamics creep into the picture with the 
result that no true comparison through the engine change 
alone is determined. It is a fact, however, that in some cases 
larger diameter radial engines have been substituted for 
smaller diameter radial engines with an actual beneficial effect 
on speed because of the larger engine fitting the shape of the 
fuselage better; in the case of two-engined airplanes this differ- 
ence has not been as noticeable. It would appear better to 
design engines which are particularly suitable for submerged 
installations if submerged installations are desired and, if that 
type of engine needs to be condensed into a smaller space, the 
liquid-cooled engine offers a satisfactory solution. Time alone 
will tell whether the air-transport operator will consider the 
use of such an inaccessible location in the smaller airplanes in 
place of the present installations which have operated so 
successfully, and whether he will accept the extra cost, extra 
weight, and added service difficulties of the “plumbing” of the 
liquid-cooled engine. 

The reduction in drag with present air-cooled engines has 
by no means reached its end. If it is possible to decrease the 
cooling drag of the liquid-cooled engine to less than 1%, it 
appears that, with proper development, a very marked reduc- 
tion in drag, possibly 40 or 50%, can be accomplished by 
changes in the present method of cooling the radial engine. 
In March, 1935, an experimental project was initiated by the 
Wright Aeronautical Corp. to investigate reverse-flow cooling 
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in flight (see Fig. 31), the air being taken in at the rear of 
the engine and exhausted at the front of the engine around 
the periphery of the cowl at the best location for low drag 
and good cooling. Although these tests were not conclusive, 
they indicated that there might be some advantage to this 
system and the project was turned over to the National Ad- 
visory Committee for Aeronautics which has, since that time, 
done some very excellent research work. The results of this 
research work are not complete, but they indicate to date that 
a substantial reduction in drag of the air-cooled engine and 
nacelle can be expected. Naturally the ultimate design would 
be the entire elimination of the nacelle, but the change to this 
construction must be done in an orderly and constructive 
manner. The study of cooling has included the application of 
a multiblade propeller-type fan back of the propeller as shown 
in Fig. 32, which indicates the trend in cooling development 
which may occur if it is necessary to bury radial engines in 
the wings of large airplanes. 


Sleeve-Valve Vs. Poppet-Valve Engines 


A. H. R. Fedden has given in his most recent paper‘ a very 
excellent account of the sleeve-valve development as carried on 
by the Bristol Co. under his able direction. Mr. Fedden has 
set out the most important inherent advantages in sleeve valve 
design as follows: 


1. Total absence of maintenance except for plug and magneto ser 
vicing. 

2. Elimination of hot-spots in the combustion chamber. 

3. Use of higher compression ratios or boost pressures. 

4. Improved volumetric efficiency due to greater effective port areas. 

5. Centrally situated plugs, giving, if necessary, good performance on 
single ignition. 

6. Very flat mixture loops, permitting smooth running under condi- 
tidns of extreme economy. 

7. Smooth running due to the good combustion-chamber shape, and to 
the accurate and simple valve timing. 

8. More silent operation. 

9g. Good accessibility and clean exterior appearance. 

10. Complete enclosure of all working parts, absence of external oil 
leads, and impossibility of oil leakage. 

11. Cooler exhaust. 

12. Freedom from lead corrosion. 

13. Greater freedom from cold corrosion. 

14. Regular cylinder shape, permitting the simplest form of baffling. 





7See SAE Transactions, Vol. 33, September, 1938, pp. 349-365: “The 
Single Sleeve as a Valve Mechanism for the Aircraft Engine,” by 
A. H. R. Fedden. 
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15. Marked decrease in number of parts, and consequent reduced pro 
duction and maintenance costs. 


16. Relative simplicity of all major parts, permitting accurate repetition 
machining. 


17. Probability of easier operation when exhaust turbo-blowers are 
used. 


18. Greater reliability due to most of the causes mentioned above. 

19. Any desired control of cylinder turbulence with its possible appli- 
cation to stratified charges and abnormally weak mixtures, with petrol 
injection. 

He has good arguments for the various reasons which 
cannot be disputed in general owing to our lack of experience 
ou the sleeve-valve type of engine. There are a few exceptions 
which can be made to some of the reasons. He states that 
there is a total absence of maintenance except for plugs and 
magneto servicing which may be correct but, with the elim 
ination of the valve-gear and substitution of junk-ring 
troubles, the exchange has not necessarily been entirely in 
favor of the sleeve-valve engine. The modern poppet-valve 
aircraft engine has little or no maintenance of the valve gear, 
particularly when the engine is equipped with satisfactory 
automatic lubrication to the valve-gear parts. 

In reference to hot-spots in the combustion chamber, there 
is no evidence of such a phenomenon on our own poppet-valve 
engines which have very adequately cooled exhaust valves. In 
other words, the modern poppet-valve engine is doing such a 
good job at the present time it appears that it will be in the 
picture for many years to come. The sleeve-valve engine has 
been a good many years getting into production and as yet has 
not reached the stage, in the writer’s opinion, where a direct 
comparison can be made of its reliability and durability with 
the American poppet-valve aircraft engine. In the elimina- 
tion of the poppet valves, freedom from some trouble is ob 
tained at the expense of substitution of a new “bag of tricks” 
about which little is known and experience alone will teach 
us. A number of concerns in this country are experimenting 
with the sleeve-valve type of engine and, no doubt, this type 
will be added as a competitor to present engines but will not 
supplant them. 


It is very doubtful whether the sleeve-valve engine can be 
made in small-horsepower sizes and compete on a price basis 
with the small poppet-valve engine; in the high powers there 
is reason to believe that the cost will be as low if not lower, 
as indicated by Mr. Fedden. 
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Lubrication 

There is little question that the progress in the development 
of lubricating oils has not kept pace with the progress of fuels 
and engine development. The writer is happy to be asso- 
ciated with an organization which has been accused of forcing 
the issue as far as improvement in lubricating oils is concerned, 
particularly because, as a result of the introduction of a new 
set of oil specifications about three years ago, there are now 
available a number of oils which are a definite improvement 
over those previously available. Our organization has been 
accused also of forcing the use of compounds in oils, which is 
absolutely incorrect but is probably concluded from the fact 
that about 80% of the oils which meet our specification for 
high-output engines do use compounds. The Wright Aero- 
nautical Corp. Specification No. 5817-A for “Lubricating Oils 
for High-Output Engines,” dated March 18, 1937, must meet 
the requirements of W.A.C. Specification No. 5815-A — 
“Lubricating Oils,” dated June 12, 1933 —as follows: “Only 
refined petroleum oils without mixtures of fatty oils, resins, 
soaps, or other compounds will be accepted unless otherwise 
ordered.” However, in order that compound oils may be 
used a statement is included in W.A.C. Specification No. 
5687-A — “Lubricating Oil— Engine Test Of,” dated May 28, 
1936 — as follows: “Failure to satisfy current specifications, in- 
cluding the W.A.C. oxidation test, shall normally be suf- 
ficient to warrant rejection of the oil proposed for test. Any 
exceptions to this practice must be supported by convincing 
evidence of merit if approved.” In other words, if a manu- 
facturer cannot supply an uncompounded oil which will satis- 
factorily meet our specifications, it is necessary for him to give 
us sufficient evidence to warrant the use of the compound. 
The composition of the oil is not our concern, but the type of 
service that it renders when used in our engines is our con- 
cern. Full-scale engine tests are necessary in order to protect 
the oil refiner, the engine builder, and the customer. 

Large aircraft engines are expensive, although low in cost 
per horsepower, and are running at high output. They are 
used in a business which is dependent for its existence upon 
the satisfactory operation of flying equipment in service and 
safety to the passengers. Any specification which will promote 
the use of better oil and safer flying is better than no specifi- 
cation at all, which was practically the case before these par- 
ticular specifications were introduced, and is the case, in gen- 
eral, at the present time. Our oil experts tell us that the ideal 
oi! should have no change in viscosity as a function of tem- 
perature, should have high film strength with a minimum 
friction, and infinite resistance to oxidation. The results of 
the oxidation of oil are very evident when an aircraft engine 
is torn down for examination after 500 hr of airline operation. 
Deposits are found in the piston-ring grooves and in the sur- 
face of the piston head and show to what extent the oil has 
failed to resist temperature. The residues of the oxidation are 
found throughout the entire engine. In many cases, if it were 
not for the severe oxidation of the oil, the engine could be 
operated for many additional hours as far as wear is con- 
cerned, but it is necessary to tear the engine down to clean 
out the results of oxidation. Manifestly a great deal of re- 
search work should be done to eliminate this tendency for 
lubricating oil to oxidize. Under normal conditions we have 
adhered to oil of 120-sec viscosity and, only in cases of ex- 
ceptional atmospheric conditions, has the use of lighter oil 
been approved. This policy is based on the fact that the film 
strength of the heavier oil is better and, if the lubricating 
system is designed properly, better lubrication particularly of 
the piston rings and big-end master-rod bearings will be ob- 
tained together with a lower oil consumption. Oil con- 
sumption is considered to be an important factor, particularly 
on long-range airplanes, and it takes little mathematics to 
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figure the saving possible by a reduction in oil consumption of 
o.o1 lb per bhp-hr during a 20-hr flight. 

With reference to the practical application of the methods 
used by the Wright Aeronautical Corp. in the testing of lubri- 
cating oil, there is very good correlation between the laboratory 
tests and actual service operation on the airlines. It is not pos- 
sible to give the actual point scores obtained in the laboratory 
by the various brands of oil and their correlation with service. 
This condition is to be regretted but, from the standpoint of 
the competitive nature of the business, such a procedure is 
not possible. Undoubtedly there are those who believe that 
it should be the engine designer’s responsibility to develop 
engines of high output so that they will operate on the same 
oil that has been in existence for many years. As mentioned 
in the first part of this paper, engines have tripled their power 
output in the past fourteen years and yet these engines will 
operate on the oils which are made to the very inadequate oil 
specifications in general use in this Country and abroad, and 
will give satisfaction. However, they will give more satisfac- 
tion if a better oil is used; more hours between overhaul and 
less overhaul cost can be expected and are obtained. In other 
words, the aircraft-engine designer has contributed a great 
deal more toward the development of high-output engines 
than has the oil refiner. There is no question that improved 
oils can be obtained as a number of them have been developed 
during the past few years and, if the oil industry will supply 
their very able research engineers with the necessary research 
and production equipment, even better oils could be made 
available. 

An interesting comparison of oils is shown in Fig. 33 which 
pictures three oils; 4, an oil meeting W.A.C. Specification No. 
5817 for high-output engines; B, an oil meeting the usual oil 
specification; and C, an oil like B, but which has been re- 
claimed. 

Oil C contains 2700 times as much sludge as 4, and oil B 
contains 120 times as much sludge as A. 


All ro-ml samples were subjected to the W.A.C. oxidation 





A B Cc 


Fig. 33- Oil A, which meets W.A.C. specifications, 
has 1/120 of the sludge of oil B, which meets the 
usual oil specification, and 1/2700 of the sludge of 
oil C, an oil like oil B, but which has been reclaimed 
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test at 640 F in an aluminum cup. The evidence here in 
favor of better oils is quite convincing. 

Unfortunately, the engine manufacturer is under the im- 
pression that some of the oil refiners prefer to develop an oil 
at the least possible expense and then only good enough to 
“just get by.” It is hoped that this impression is incorrect; 
but, if it is true and unless this policy is changed and talent 
in the oil refiner’s laboratory is given the opportunity of de- 
veloping better oils, the desired improvement will not be 
realized in the near future. 


European Vs. American Engines 
Before closing this paper it would hardly be fitting to omit 
a discussion of the relative merits of engines built in this Coun- 
try and those built abroad. For this purpose, a table is in- 


cluded showing the endurance-type test requirements of five 
countries: 


Hours at Hours at 70- 
Total Hours at Rated Hours at 90% Rated 
Nation Hours Take-Off Power Overspeed Power 

United States. . 150 10 50 5 85 
England 153 9 42 I 101 
France 1134, 3 10 Y, 100 
Germany . 107 7 100 
USSR. . 100 , 96 4 


These figures may not be absolutely up to date at the present 
time, and they mean little without some explanation; for ex- 
ample, if a 1000-hp engine were to be tested in England, the 
engine would be rated at 1000 hp at critical altitude and at 
some lower power at sea level if rated on a constant-manifold- 
pressure basis. Then, if the manufacturer declared his sea 
level rating at that point, and maximum cruising as 90% of 
that point, the resultant power output would be far below that 
used in this Country. It is the practice in this Country to test 
engines at sea level at the same power at which the engine is 
rated at altitude, provided the altitude is not too high and, if 
such is the case, then it is customary to revert to two-speed 
superchargers as the single-speed high-altitude engine does not 
give sufficient performance at sea level. As a result of this 
procedure, the American engine, tested either under its own 
type-test conditions or under the English type-test conditions, 
gets a more severe test than its English competitor. The 
French test recently revised is now twice as long as it was 
previously, but still the major portion is at 90% of its sea-level 
power which permits the engine to run at approximately 
three-quarters horsepower for the test. The engine is rated 
in service at 100% power. A curious procedure! 

The German test is in the same category. 

The Russian test alone stands out in favorable comparison 
with the American test, namely, 96 hr at rated power and 4 hr 
at 90% power. 

What is the result of these standards of endurance type test- 
ing? There is only one answer, namely, that engines built in 
this Country are required to go through more severe en- 
durance tests resulting in more reliable and more durable 
engines at the sacrifice of military engine performance when, 
particularly in wartime, it should be, and no doubt will be, 
permissible to sacrifice some reliability and durability for the 
sake of added performance (see Fig. 20). 

Although little is known by the writer about the correla- 
tion abroad of the European endurance type test and service 
experience, it is known in this Country that the correlation is 
fairly good. Engines which will complete satisfactorily the 
American type test give approximately 500 hr time between 
overhauls and run 5000 hr or more in life. It is believed that 
the opinion of some engineers both in this Country and abroad 
—that European engines are superior to American engines — 
comes about through the use of military ratings abroad which 
are approximately 15 to 20% higher than the usual normal 
ratings, and that this opinion is not based on sound compara- 
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tive performance data in any one laboratory or in service since 
such information is not available. These military ratings 
usually are permitted for 5 min duration and, of course, the 
additional power is a great factor when airplane speed, the 
major performance characteristic as far as selling is concerned, 
is considered, making the American airplane, which to date 
has not taken advantage of military powers, appear somewhat 
inferior. Also many of the military performance figures which 
have been received from abroad are obviously made under 
atypical conditions using extraordinary power and going to 
special means to eliminate parasitic drag in the airplane. The 
purpose behind this sort of information is obvious, and such 
methods are used by practically every country in the world. 
The results of many flights made in this Country, for example, 
are published with no mention of very generous tail winds 
pushing the airplanes to their destinations. If, however, any 
of the foreign engines considered to be superior to American 
products could be purchased and tested in this Country the 
results, according to past experience, would probably be dis 
appointing in some cases and in other cases would be in agree- 
ment with the reputed performance. The writer does not 
feel, however, that, on the basis of information available, this 
Country is lagging in its technical ability to produce high- 
output aircraft engines. We are building engines to meet the 
requirements of our military services which are not set up on 
the same basis as those of the European nations, and to date 
military ratings have not been permitted, but American en 
gines apparently are considered the world over to be above 
the average in reliability and durability, as demonstrated by 
their wide purchase abroad. A word of caution, however, is 
advisable, as pointed out by the writer in a paper before the 
Society of Automotive Engineers in 1937, that, with the 
amount of money being poured into the research laboratories 
of the European countries and the tremendous production 
facilities now available, there may be a question about the 
superiority of our equipment in the future. 

It is a dangerous policy to decrease the reliability of an air- 
craft engine by operating it at overload conditions. The 
result may be a weakening of the military strength of the air 
force because of having too many aircraft out of commission 
too much of the time. To compensate partially for such a 
condition, the Germans have designed their engine installa- 
tions so that a complete engine change can be made in 30 min. 
However, frequent changes take man-hours, and man-hours 
dissipated in this or any other manner take trained personnel 
and again weaken the military strength of the air force. 

Nevertheless, the standardized engine mounting attachment 
points are very desirable, and it is hoped that they can be 
copied in exact dimensions in this Country. 

Although the United States may consider the quality of its 
aircraft engines at least equal to the best, it hardly can boast 
that it stands very high in the quantity of high-performance 
military aircraft. From the opinion of several experts, this 
Country probably ranks about fourth, a condition readily 
remedied if planned properly. 


Summary 


Summarizing, it appears that the development of aircraft 
engines is destined to continue at an accelerated rate during 
the next five years as the results of research on details are 
applied. No one type will replace the variety now available, 
but rather an increased number of types will appear as more 
care is taken to design special engine types for various air- 
plane types. A revival of liquid cooling will be seen, par- 
ticularly for military work. American aircraft-engine de- 


signers must look to their laurels if they wish to maintain 
their position in the industry, and that position will be main- 
tained if the present policy of providing adequate funds for 
personnel and equipment is continued. 




















Engine Bearings - From 


Design 


to Maintenance 


By Albert B. Willi 


Chief Engineer, Federal-Mogul Corp. 


IX major causes of bearing failures are cata- 
logued, which include matters of engineering 
and design, procurement practices, misuse and 
abuse in operation, faulty installations, unsuitable 


lubricants, and mechanical faults in the bearings 
themselves. 


Although there are four general types of bear- 
ing materials in common use today for main and 
rod bearings — tin-base babbitts, high-lead bab- 
bitts, cadmium alloys, and copper-lead mixtures, 
the author shows that not one of them is a uni- 
versal bearing material —each has its own particu- 
lar field of usefulness, and these fields are defined 
in terms of maximum unit pressure, Zn/P, PV, 


oil-reservoir temperature, and crankshaft hard- 
ness. 


Design factors that react against indicated satis- 
factory performance are considered, including 
strength and stiffness of the bearing structure, oil 
flow to the rod bearing, restrictions in feed 
grooves, oil clearance, and so on. Standards of de- 
sign pertaining to these points are set up. 


The need for, and the advantages to be gained 


by, more comprehensive bearing purchase specifi- 
cations are emphasized. 


Identification of failure, due to misuse and 


abuse, is treated largely by illustration of typical 
examples. 


N attempting to set up standards for predicting the life 
| expectancy of the main and connecting-rod bearings in 

any given engine, a great many things must be consid- 
ered. When a bearing fails in the field, the reason most 
frequently is attributed to one of three good old standard 
causes — poor babbitt, faulty bond, or inferior oil, so the fail- 
ures are blamed on the shortcomings of the bearing manufac- 
turer and the oil producer. There are some others, however, 
who also are involved very deeply in these things, and six 
major causes of bearing troubles, failures and dissatisfaction 
can be catalogued as follows: 
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Those which are the result of what can be described as 
faulty design or too much engineering compromise, both in 
the bearings themselves or in associated parts of the engine. 

2. Those which are to be expected from the existing prac- 
tice of procuring engine bearings competitively with the prices 
based on incomplete specifications. 

3. Those which are caused by mis-use and abuse in opera- 
tion and maintenance. 

4. Those which are due to faulty installation, and this 
group mainly includes service bearings replaced in the field. 

5. Inferior lubricants or good lubricants improperly pre- 
scribed and used. 

6. Faults of material and workmanship in the bearings 
themselves and in associated parts of the engine. 


Materials Used in Bearings 


For engine bearing linings, four general types of alloys, or 

compositions, are used commonly: 
Tin-base babbitts, which are applied to either steel or 

bronze backs. 

2. High-lead babbitts, which are applied to either steel or 
bronze backs. 

3. Cadmium alloys — such as cadmium-silver and cadmium- 
nickel, which are applied to steel backs only. 


4. Copper-lead mixtures, which are applied to steel backs 
only. 


None of these compositions can be considered a universal 
bearing material suitable for use in any and all installations. 
Each has its own particular field of usefulness and set of con- 
ditions under which best results are obtained. 


In Table 1 is defined the field of usefulness for five types of 
bearing metals. 





























Table 1- Field of Usefulness for Various Bearing Metals 
Maximum | minimum Oil Minimum 
Description of permissible missibie Moximum reservoir| crankshoft Affected by 
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Fig. | ~ Physical properties of alloys used as bearing linings (all specimens cast with normal cooling) 


A-—Genuine cadmium-silver 


Silver 0.75%, copper 0.50%, balance cadmium 
Complete solidification temperature, 598 F 


B-—Tin-base babbitt 
89% tin-+ 2% copper + 9% antimony 
Complete solidification temperature, 465 F 


C —Tin-base babbitt (SAE 10) 
91% tin + 4.5% copper + 4.5% antimony 
Complete solidification temperature, 433 F 


D —Tin-base babbitt (genuine) 
89%, tin + 3.5% copper + 7.5% antimony 
Complete solidification temperature, 465 F 





In the expressions Zn/P and PV!; “P” represents maxi- 
mum pressure rather than mean pressure, as it was found 
physically and economically impossible to construct complete 
polar diagrams for the very large number of engines exam- 
ined in building up this rating chart. 

Unfortunately, perhaps, the fact that the safety factors of 
any given bearing are within the values shown in Table 1 is 
not a positive guarantee of a successful installation. I believe, 
however, that it is a reasonably good guarantee that a success- 
ful installation can be obtained. 

Effect of Temperature —In the rating chart, Table 1, cer- 
tain recommended oil reservoir temperatures are given which 
are based on successful practice and contemplate that the tem- 
perature rise at the bearing surface will amount to between 





1See “Design of Machine Elements,” by V. M. Faires, the Macmillan 
Co., pp. 318-323; see also SAE Transactions, Vol. 32, August, 1937, p. 
334: “Crankcase-Oil Temperature Control,” by Ellis W. Templin. 


E -Tin-base tabbitt 
85% tin + 7.5% copper + 7.5% antimony 
Complete solidification temperature, 465 F 


F —Tin-base babbitt [SAE 11) 
87.5% tin + 5.75% copper + 6.75% antimony 
Complete solidification temperature, 465 F 


G - Lead-base babbitt 
65% lead + 17.5% antimony + 17.5% tin 


H — Bermax (high-lead babbitt) 
84.5% lead + 9.5% antimony + 6% tin 
Complete solidification temperature, 462 F 


25 and 50 F. When I hear of reservoir temperatures of 280 to 
300 F used in combination with tin-base babbitt bearings, | 
shudder — thinking of what happens to the physical properties 
at such temperatures. 

The physical properties of a group of white metal bearing 
alloys at temperatures up to 300 F are shown in Fig. 1. Tak- 
ing SAE 11 babbitt, F, as an example, note that its tensile 
strength drops from 10,500 lb per sq in. at 70 F to 4000 |b per 
sq in. at 300 F, Also, that its hardness drops from 24.5 Brinell 
at 70 F to 8 at 300 F. Certainly, bearings operating at such 
temperatures where the lining metal is not so very far from a 


condition of plasticity cannot possibly show normal life 
expectancy. 


The Bearing Back 


The foundation of any bearing is its back structure. With 
the advent of the very thin steel-back bearings, it became 
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noticeable that, in many cases, areas of failure developed 
closely adjacent to the parting faces as shown in Fig. 2, rather 
than in the higher loaded areas of the bearing. 

It was observed further that bearings of this character 
usually lost their “spread” after a relatively short period of 
operation. As manufactured, the spread or width across the 
open end is made somewhat greater than the rod or crankcase 
bore, and at assembly the bearing is snapped or lightly forced 


normal road operations, these bearings would be loose in their 
seats and readily drop out — some showing a loss of spread as 
great as 0.050 to 0.060 in. 

It appears that both of these effects in very thin wall bear 
ings can be ascribed to two contributing causes. 

Considering the first cause, if a roller under pressure is 
passed over a strip of comparatively thin steel, the strip shortly 
will start to curl. In an engine, the “rolling-mill” action of 

the rotating crankshaft has the same effect on a thin bearing 
and, after a certain time, the “crush” is lost and the open ends 
aes ee. ee ee oa “Nae ampyovement of of the bearing tend to close in and hug the shaft. 


to its seat. When disassembled after a dynamometer test or 


2 See Technical Publications of the International Tin Research and De 


This condition probably exists when the instantaneous 
maximum load is in the neighborhood of the top or bottom 
center of the bearing. At crank angles where the maximum 
instantaneous pressure is adjacent to the parting faces, as 
shown at A, B, and C in Fig. 3, the bearing is forced against 
its seat in the rod or cap. 





A constant deflection, or fluttering, thus is set up in the 
bearing wall, which induces fatigue in the bearing metal and 
its bonding medium. In addition, since the bearing is not 
firmly seated, an oil film is formed over the back of the bear- 
ing in the area of deflection, which impedes the dissipation of 
heat, and failure also may be induced by excessive local 
} temperature. 

The second contributing cause appears to be the stresses set 
HIGH LEAD BABBITT LINING a up by differential contraction between the babbitt and the thin 

Ma — steel shell during solidification after pouring*, and by differ- 
ential expansion during operation. It is more than likely that 
a certain amount of distress in babbitt bearings is due to the 
relieving of these stresses in the form of cracks, after a certain 








, Ket more or less normal period of operation. However, I particu- 
CADMIUM-SILVER larly am applying the matter of differential contraction and 
LINING expansion to the bearing characteristic of loss in spread and 
























































Fig. 2—Very thin steel-back con- 80° 100° 420° 440° 160° 
necting-rod bearings with areas 
of failure adjacent to parting 
faces 
a ey 
2030*  9i5* 4475*  1420* 
180° 200° 220° 240° 260° 
: 415* 2160* 1690" 1250" _1490¢ 
F 420° 440° 460° 480° 500° 520° 
B 
Fig. 3 - Bearing load reacti a m Sal 
ig. 3 — Bearing load reaction on 
connecting rod in typical 6-cyl 3190# 22604 1480* 1255+ + 
engine at various crank angles 540 580° 600 620 
(plotted from polar diagram of 
forces at 3700 rpm) 
+3 : a ) 
. y ; LE 
2330+ 23204 2315* 2060+ 16504 12754 1360 1820+ __2140# 
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Total wall thickness 
bearing -~~-.052/05225 
Thickness of steel back--.034/038 


Note gap. Bearing 
loose in seat. 

















CONNECTING ROD CONNECTING ROD 
BLADE CAP 


Fig. 4— These steel-back bearings with a stiffness factor of 52 
lost spread in the amount of 0.045 in. in a test run of 100-hr 
duration under the following conditions: 

Rubbing speed, 31.3 fps. 
PmV, 51,520. 
Zn/P, 13.2. 


Maximum pressure, 
area. 


1646 Ib per sq in. of projected bearing 





Total wall thickness of 
bearing ~~~: 1030/1035 
Thickness of steel back --.074/078 








CONNECTING ROD 
BLADE 


Fig. 5— These steel-back bearings with a stiffness factor of 


CONNECTING ROD 
CAP 


780 retained their “spread” and tightness in the rod bore 
after a dynamometer test of 778-hr duration under the fol- 
lowing conditions: 

Rubbing speed, 21.12 fps. 
PmV, 39,620. 


Zn/P, 10.63. 
Maximum pressure, 1876 |b per sq in. of projected bearing 
area. 





associated premature cracking, adjacent to the bearing parting 
faces. 

It is believed that the strength and stiffness of the bearing 
structure must be sufficient to resist both the “rolling-in” 
action, and the effect of differential contraction and expansion. 
Definite improvement in bearing performance has been ob- 
tained when excessively thin steel backs have been increased 
to agree with the proportions shown in the following 
schedule: 

t 
C = 86,670 — — 1386, where 
D 
C = 300 for plain, unflanged steel-back connecting-rod bear- 
ings. 
C = 1100 for plain, unflanged steel back crankshaft main 
bearings. 
C = 2500 for plain, unflanged bronze back bearings — either 
rods or mains. 
t = Minimum steel thickness. 
D = O.D. of bearing. 

8 See Mechanical Engineering, Vol. 59, No. 5, May, 1937, p. 324: “‘Auto- 
motive Practice Influences Industrial Bearing Design,” by Albert B. Willi. 

* See “Automotive Bearings — Effect of Design and Composition on Lubri- 
cation,” by Arthur F. Underwood, presented before the American Society 
for Testing Materials, Chicago, Ill., March 3, 1939; see also SAE Trans- 


actions, Vol. 33, October, 1938, p. 395: “Safe Viscosity for a Motor-Car 
Engine Lubricant.” by Stanwood W. Sparrow. 
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Fig. 6- Conditions governing the flow of oil to the rod bear- 
ings in engine X, in which the babbitt connecting-rod bear- 
ings showed excessive areas of failure 


C may be designated as the bearing “stiffness factor,’ and 
the thickness dimensions obtained from this formula are con- 
sidered to be the minimum permissible values for use in a 
cast-iron crankcase or steel connecting rod. Greater thick 
nesses than these may be used if desired — sometimes with 
benefit; the only objection to heavier walls is increased cost. 
The same proportions have been used in aluminum crank 
cases, but with additional stiffness obtained by the use of 
flanges. 

Associated with these back thicknesses 
nesses, as follows?: 

Shaft 


are lining thick- 


Diameter, in. 


Lining Thickness —- Tin-Base Babbitt, 
High-Lead Babbitt, Cadmium Alloys, in. 
From Minimum Maximum 
O 21/2 0.020 0.025 
29 16 35 8 0.025 0.030 
3 11/16 3/16 0.030 0.035 
4 1/4 6 0.040 0.045 
6 1/16 II 0.060 0.070 
/ 


In Fig. 4 is shown a steel-back connecting-rod bearing hav 
ing an inadequate back thickness when checked against this 
standard and which completely lost its spread to the extent of 
extreme looseness in the rod after a 1oo-hr test under condi 
tions shown in the illustration. 

In Fig. 5 is shown a steel-back connecting-rod bearing of 
adequate thickness, which maintained its spread and tightness 
in the rod bore after a test period of 7 
severe conditions of operation. 


778 hr, under even more 


Oil Flow to Connecting-Rod Bearings 


Certain high-speed engines have been examined whose 
record of connecting-rod bearing performance was not so 
good, even though the various factors, so far described, indi 
cated that it should be. One cause of this inferior performance 
seems to be tied in with insufficient lubrication, which is indi- 
cated by investigation of the factors governing the flow of oil 
from the main bearings, through the drilled oil-way in the 
crankshaft, to the rod bearings. 

In one 6-cyl engine, designated as X, babbitt connecting-rod 
bearings showed excessive areas of failure in dynamometer 
endurance tests of 100-hr duration. 

In another engine, designated as Y, operated under condi- 


tions where the maximum load, Zn/P,, and P,,/V were 


somewhat more unfavorable, the rod bearings were in fair 
condition after 1000 hr. 

In Fig. 6 is shown the conditions governing the flow of oil 
to the rod bearings in engine X, following the formula’: 























1939 


December, 


Centritugal torce developed by 


oil column = 0.000000462 N* +* where 
N = rpm of crankshaft, 
r = radius. 


The oil gage pressure in this engine was 45 lb per sq in. 
and with an indicated back pressure at the surface of the 
journal of 8 |b per sq in., the effective theoretical “in” pressure 
amounts to 37 lb per sq in. 

The centrifugal pressure at the surface of the crankpin 
“out” is shown to be 63 lb per sq in., which is 26 /b per sq in. 
greater than the “in” pressure, so the conclusion is drawn that 
the oil can be thrown out of the bearing faster than the pump 
can force it in. 


in” 





~o92 45L 


aL 
AREA OF FAILURE.......35.67% AFTER DYNAMOMETER TEST OF 424 HRS. 


HL 3237 #2L.. 020 43L.. 024 





*#AREA OF FAILURE, 


Examining engine Y with the rooo-hr bearings in the same 
manner, it is found that,the effective “in” pressure exceeded 
the “out” -pressure in the amount of 12 |b per sq in. 
cating that sufficient oil is supplied to the 
bearings. 


, indi 
connecting-rod 


[ do not claim that the pressure values obtained by the us: 
of this formula represent the conditions which actuz ally obtain: 
[ think that the actual figures are more or less unimportant. 





0.32 42 


0.05 *5L..013. “4KLOI7. L016 
AREA OF FAILURE_..REDUCED TO 1642% AFTER 
DYNAMOMETER TEST OF 512 HRS. 
*AREA OF FAILURE, 
I believe, however, that, if maximum bearing life is to be 


1” should be in a 
pumping pressure 


obtained, the effective indicated pressure “it 


condition balance with 


the “out” 


or 
greater. 

The potential life expectancy of connecting-rod bearings 
may be reduced by restrictions in the main bearing oil-feed 
grooves. From observation of many engines, we have estab 
lished the standard for our own work that-the cross-sectional 


area of a complete internal annular main bearing feed groove 
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shall bear the ratio of 1:4 with the area of the crankshaft oil 
way to the crankpin. 

The improvement which can be gained in connecting-rod 
bearing performance by opening of the main-bearing —e 
grooves is shown by comparing Figs. 7 and 8 with Figs. 
and 10. 


/ 


In Fig. 7 the rod bearings shown developed areas of failure 
in the amount of 35.67% of the total developed bearing area 
in a dynamometer endurance test of 424-hr duration. 

Additional rod bearings manufactured in the same lot were 
tested in combination with main bearings having the oil feed 
groove capacity enlarged a moderate amount. 


Fig. 


As shown in 
g, the area of failure was reduced to 16.42% in a similar 


Fig. 7 (left) -Connecting-rod bearings 

run in combination with main bearings 

having a partial oil-feed groove as 
shown in Fig. 8 








Fig. 8 (below) — Oil grooving in lower 
main bearing (No groove in upper bear- 


46L 


1.43 




















ing) 
IN SQ. INCHES 
——, 
qa | 
— 
Th T3 + % 
o 
N 
& 
: 7 DEPTH OF GROOVE 


Fig. 9 (left) - Connecting-rod bearings 

manufactured in same lot as those shown 

in Fig. 7 run in combination with main 

bearings with enlarged oil-feed groove 
as shown in Fig. 10 


Fig. 10 (below) — Revised oil grooving in 
lower main bearing (No groove in upper 
bearing) 


IN SQ. INCHES 
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Au._u20* fi__014 “feuisie fe12a7 #3u_2206 #3... 704 = 
CONDITION OF MAIN BEARINGS HAVING RESTRICTED Oli GROOVE SECTIONAL 
AREA AFTER 100-HR. ENDURANCE TEST WITH 45% OIL GAUGE PRESSURE 


AREA OF FAILURE... 25.78% 








#iu_...497* #1L_..008 *2u..636 *21..304 4#3u. 358 4L. 498 far. .098} 


CONDITION OF MAIN BEARINGS WITH ENLARGED OIL GROOVES AFTER 
100-HR. ENDURANCE TEST WITH 55# OIL GAUGE PRESSURE 


AREA OF FAILURE....REDUCED TO 9.16% 


-2 4 GROOVE WIDTH x 0385 DEEP 
SECTIONAL AREA... 0072 SQ. IN. 











*AREA OF FAILURE, IN SQ.IN 


Fig. 11 — Improvement in main bearings obtained by enlarging oil-groove area and increasing 
oil pressure — Area of crankshaft oil-way, 0.049 sq in. 





Vol. 45, No. 6 


test, but of the increased dura 
tion of 512 hr. 

The area of failure was thus 
reduced 54% in a test period 
21% longer. 

Along the same lines, in Fig. 
11 is shown the improvement 
in certain main bearings ob 
tained by enlarging the oil 
groove sectional area from 
0.0024 Sq in. to 0.0072 sq 1N. 
and, at the same time, increas 
ing the oil gage pressure from 
45 to 55 lb per sq in. 

The area of failure was re 
duced from 25.78% to 9.16% 
in spite of the fact that the 
effective projected area of the 
bearings was reduced. 

These changes materially ben 
efited the connecting-rod_ bear- 
ings also. Those run in connec 
tion with the main _ bearings 
having the smaller oil grooves 
and with 45 lb per sq in. oil 
pressure are shown in Fig. 12 














Legend — Babbitt broken out in black areas; hairline cracks in white areas 


Fig. 12-— Condition of connecting-rod bearings tested with main bearings (Fig. 
per sq in. oil pressure — Area of failure, 64.79%, 


11) having smaller oil grooves and with 45 Ib 





Legend — Babbitt broken out in black areas; hairline cracks in white areas 


Fig. 13 — Condition 
oil pressure — Area of failure reduced to 24.76% 


of connecting-rod bearings tested with main bearings having enlarged oil grooves and with 55 |b per sq in. 





Fig. 14—Tin-base babbitt rod bearing which failed prema- Fi 

turely because of inadequate oil clearance. Note that the 

cracks predominantly follow a condition of parallelism with 
the crankshaft axis 





g. 15 — Cadmium-alloy bearings assembled with inadequate 
oil clearance which resulted in failure by wiping 
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P- 


*! Lower 





?2 Upper 





44 Upper #4 Lower #5 Upper #5 Lower 46 Lower 


Type “A” Bearings. Toto\ oreo of failure in all bearings is 19.4% 
of the total developed bearing area 
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#6 Upper +4 Lower #5 Upper *5 Lower 96 Upper 


Type “B” Bearings. Total area of failure 2779% 





#3 Upper #3 Lower 





*6 Upper %6 Lower 


Type “C” Bearings. This test stopped at 90-hrs. due to complete 





failure of #5. Total area of failure 55% 


Fig. 16-Comparative tests 


Material Specifications 


Steel back all SAE 1010 

Copper Antimony Tin Lead 
Type A 3.50 7.50 88.75 0.25 
Type B 3.38 7.9\ 88.62 0.09 
Type C 2.30 7.41 90.10 0.19 
Type D 3.68 7.89 88.25 0.18 


and these developed an area of failure of 64.79%. Those run 
in connection with the main bearing having enlarged grooves 
are shown in Fig. 13 and, in these, the area of failure was 
reduced to 24.76%. These two photographs (Figs. 12 and 
13) have been doctored to the extent of filling the areas from 
which the lining had cracked and fallen out, in black, and 
filling the areas covered by fine hairline cracks in white, the 
latter however are included in the “area-of-failure” rating. 


Oil Clearance 
The function of oil in a bearing is two-fold —to lubricate 
and to cool, and one is probably just as important as the other. 
If oil is to serve efficiently as a coolant, it must circulate and 
this action requires adequate space or clearance to flow 


through. 





®See Product Engineering, Vol. 9, No. 10, October, 1938, pp. 381-384: 
“Bearing Construction — Its Relation to Performance and Life,” by Albert 
B. Willi. 





“4 Upper *4 Lower *6 Lower 


*6 Upper 


Type “D” Bearings. Engine shut down after 60-hrs. and 44-min. 
#4 Bearing failed completely 


*5 Upper 


on connecting-rod bearings 


Conditions of Test 


SO REET... ik hacc eee ec ees vaaeenas 3700 rpm 
LUD SOMISIONN: 55.5 2 0. 60.0:5.00 eres hee Sa SAE 30 Mobiloil 
Oil sump temperature ............e.eee0. 205 to 210 F 


Maximum unit pressure , - 1646 Ib per sq in. 
1059 |b per sq in. 
TTT, 


1.205 


Mean unit pressure 
PV (rubbing factor) 
Zn/P (bearing factor) 


Obviously, in the matter of oil flow through the bearings, 
it is sometimes necessary to compromise in order to favor 
other elements in the engine, but it must be kept in mind that 
inadequate oil clearance surely will result in reduced bearing 
life. 

The bearing shown in Fig. 14 was assembled originally on 
a 4-in. diameter shaft with 0.0015-in. oil clearance, and its life 
was too short. With 0.004-in. clearance, satisfactory perform- 
ance was obtained. Fig. 15 shows another example of failure 
from this cause. 


Effect of Manufacturing Elements 


Let us now consider Item 2 in the catalogue of major causes 
of bearing failures: “Those which are to be expected from the 
existing practice of procuring engine bearings competitively, 
with the prices based on incomplete specifications.’”® 
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Fig. 17-Typical 
steel-back babbitt- 
lined bearing which 
can be made by 
either of two basic 
methods of manu- 
facture 





Considering tin-base babbitt bearings, the chemical analysis 
always has been held to be of governing importance, and 
obviously it is important. However, it appears that the man- 
ner in which the babbitt in the lining and the steel or bronze 
in the back are utilized, is of equal importance. The truth ot 
this statement is evident from certain test observations. 

In Fig. 16 is shown the condition of four groups of steel- 
back precision-type connecting-rod bearings made by different 
manufacturers after a 1oo-hr dynamometer endurance test. 
The designations type 4, B, C, and D are used to identify the 
product of each manufacturer. 

The composition of the babbitt in all bearings was practi 
cally identical, as was also the steel analysis. The design ele 
ments also were identical in all. The wide variation in the 
condition of the various groups of bearings after test cannot, 
therefore, be attributed to differences in material composition 
nor in design. Throughout the tests extreme care was used in 
duplicating assembly and operating conditions to make sure 
that no variable factor was introduced which might affect the 
life of the bearings. 

An explanation of why such a wide difference should exist 
in these various groups of bearings is offered by an examina 
tion of certain methods which may be used in their manu 
facture. 

A steel-back babbitt lined bearing, such as is shown in 
Fig. 17, can be made by either of two basic methods of manu 
facture, namely, from flat babbitted strip steel or from steel 
tubing with the babbitt centrifugally cast (spun in). A num 
ber of variations, which pertain mainly to the application of 
the babbitt and the preparation of the steel for babbitting, are 
possible in both processes. 

To overcome certain ailments in heavy-duty work which 
have developed in very thin-wall bearings made from strip 
stock, attempts have been made to substitute bearings made 
from steel tubing with the babbitt spun in. There is no assur- 
ance that such bearings, even with a heavier wall, will be any 
improvement unless certain points are properly established 
which particularly involve the length of the tube, its prepara 
tion for babbitting, and the place of the back-grinding opera 
tion in the sequence of operations. 

Considering the length of the tube to be lined, the cooling 
or solidification of the babbitt should be directed from the 
center of the tube towards the ends (see Figs. 18 and 19). If 
the tube is too long, a harmful cooling effect will be set up 
from the ends inwardly toward the center which will be the 
last portion of the babbitt to cool and, consequently, will be in 
a more plastic condition than the metal on either side of it. 
Shrinkage and porosity are likely to occur in the last portion 
of the babbitt to cool resulting in an impairment of the bond, 
localized stresses in the babbitt, poor babbitt structure, and 
early failure of any bearings which may be made from these 
sections of the tube. The areas of shrinkage and porosity may 
be Y4 in. to 1 in. or more from each end of the tube. 

Referring back to Fig. 16, it is evident that the bearings 
identified as type D were made from excessively long tubes, 


and one shell at least was cut from a weakened section of the 
tube. This type of difficulty can be controlled by using a 
shorter tube, but obviously it is much cheaper to use long 
rather than short tubes but, by their use, uniformity of product 
is destroyed. 


Preparation of Tube for Babbitting 


If good adhesion of the babbitt to the steel tube is to be 
obtained, the surface or surfaces to be lined must be pertectly 
clean. The least expensive way of attempting to obtain a 


Air blast or other aid 
cooling medium. “— End plates on Ee 
eee casting machine 
i 


——— 





Cooling and solidification hos storted ot the 
center of the tube where the air biost is di 
rected. The desired direction of progressive 
solidification is toward the end plates and 
the external surfoce of the tube 


With the babbitt cooling progressively from 
the center, outwards, and the ends, inwards, 
the last portion of the babbitt to cool wi 
be in a more plastic condition than the 
Surrounding metal 





The tube is so long thot it is impossible to Shrinkage and porosity will occur in the tast 
maintain the correct temperature different portion of the babbitt to cool which will re 
o} to properly direct the heot fiow. Cool sult in an impoirment of the bond, the form 
ing and solidification has started ot the ation of iocoliz stresses, and non-uniform 
ends ond is progressing toward the center ty of babbitt structure 





Fig. 18-Effect of cooling and solidification of babbitt 
“spun-in'' a tube which is too long 


condition of cleanliness is by pickling; however, there appear 
to be certain hazards connected with this method because ot 
differences and variables in the surface condition of the tube 
that is, in the amount of rust, grease, and scale which may be 
present. Considerable care must be used by the operator to 
make sure that the pickling time is adjusted to suit the par 
ticular conditions of the various runs of tubing; otherwise, al 
the surfaces to be babbitted will not be pertectly clean and 
many bearings are likely to possess an inferior bond condition 


This hazard can be largely eliminated by boring the tube, 














; 
| 
/ 


yo ; : 
\ In this long tube these / 
areas were last to cool 


After boring out the babbitt and 
etching, areas of porosity and 
shrink are present 

/ 





Fig. 19-—Areas of porosity in excessively long centrifugally 
babbitted steel tube 
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Sharp points still exist but there ore 
many more of them to carry the some 
load, so the unit pressure is much lower, 
and their action againt the bobbitt 
should be less sage 


Sharp points against which the 
babbitt lining is hammered. 
Fatigue crocks may stort of 


these points 
}\\ Depth of cut, 
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Vif 044 
Vj ff | AA’ 048 
CP A 4 hah ce 

4 |  }~.030 feed 


‘Steel bock is weakened 
because so much of it 
as removed 


‘Steel bock is not 
moteriaily weakened 


Fig. 20 - Comparison between bore conditions of typical bear- 
ing when steel shell is bored with a 0.030-'n. feed (left) and 
a steel shell bored with a 0.010-in. feed 


but this method is more expensive than a simple pickling 
operation and, of course, increases the cost of the bearing. 
When boring, the feed may be coarse, about 0.030 in., or it 
may be fine, about 0.010 in. 
A comparison between these two bore conditions is shown 
applied to a typical production bearing in Fig. 20, and it 
appears that the finer feed offers certain advantages. How- 





3.979 sq in. of 4.59'sq. in. developed 











steel shell area effective for 
effective for obtaining bond--.an 
obtaining bond - increase of “sas P 
a F , | | 32 
| 0G a . 23s 
oS rm a] 
BS 2 % | 2% 
vt 
wee Steel tube babbitted s® Steel tube bored s* 
i oe ‘ without boring / with .O10 feed 
=° / : | 
oe 1 1 | 


























| 
Actual length pio 0.156 


| of bearing 
1471 Developed length 
h 1.015 = Length of 

bearing of bore line 


Fig. 2! — Steel shell rough-bored with 0.010-in. feed shows an 
increase of 15.4% in effective bonding area as compared with 
unbored shell, in a typical production bearing 


ever, it is more costly than either pickling or boring with a 
coarser teed. : 

An additional advantage of the steel shell when bored with 
: o.o1o0-in. feed, over an unbored and pickled shell, is that 
greater bonding area is obtained in the same length of bear 
ng. This area is compared graphically in Fig. 21. 


Finishing the Bearing Back 


A bearing with a finish-ground back should be expected to 
show practically 100% contact over the entire back surface, 
but, as shown in Fig. 22, this is not always true. The poor back 
contacts are the result of finish-grinding the babbitted shell 
oversize before separating it into halves. The amount of 
oversize is governed by the stock removed when the shell is 
split. With the shell ground oversize and the outside diameter 
desired obtained by die forming, the backs are not always true 
cylinders. 

Perfectly true backs can be obtained, however, it the bear 
ings are ground in halves. These remarks concerning back 
contact pertain mainly to steel-back bearings with a wall thick 
ness of 3/32 in. or larger. The operation of finish-grinding 
the half shell is more expensive than grinding the shell over 
size in the full, followed by separating and forming, but a 
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truly round back contact is obtained and maximum heat 
conductivity is, therefore, assured. 


More Comprehensive Specifications Required 


It is to these various elements of babbitted-strip bearings, 
bearings made from centrifugally babbitted tubes, tube length, 
preparation of the tube bore for babbitting, and condition of 
the backs that the differences in the condition of the bearing 
shown in Fig. 16 are attributed and, although the bearings 
described have all been lined with tin-base babbitt, the same 
conditions exist with respect to bearings lined with cadmium 
alloys and high-lead babbitts. In the bearing rating chart, 
Table 1, the maximum rated unit pressure for “standard 
quality” tin-base babbitt bearings is given as 1000 |b per sq in., 
and by standard quality is meant that which can be expected 
from bearings made to obtain the lowest possible cost. 

The same material is rated for 1500 lb per sq in. (defined 
as Alpha process quality) when made to obtain the highest 
possible life expectancy — an increase of 50%, but to accom 
plish this purpose, it is necessary to attend properly to the 
points described, which adds somewhat to the cost. 

If the work to be performed is within the capacity of a 
so-called standard-quality bearing, it is obviously questionable 
economy to use something more expensive but, conversely, the 
cost differential sometimes becomes a powerful temptation to 
apply the cheaper product in places where conditions demand 
a bearing of higher capacity. 

It frequently has happened that standard-quality babbitt 
bearings have proved unsatisfactory; the possibilities of im 
provement by change in processing methods with a moderate 
cost increase have not been explored and a shift is made to a 
more expensive type of bearing material. Aside from the 
questionable economy involved, sometimes the results are dis 
appointing, as shown in Fig. 23. This figure shows the con 
dition of certain tin-base babbitt connecting-rod bearings made 
to highest standards of quality and tested in the same engine 
with alternate bearings lined with a cadmium alloy. The 
latter bearings, however, were not made to these same high 
standards, even though their price was greater. 

The areas of cracks and broken-out sections in the high 
grade babbitt bearings amounted to 11.00% of the total devel 
oped bearing area. 

The cadmium-alloy bearings were broken up to the extent 
of 34.52% and, in addition, were corroded to the point of 
complete failure. 

It is only fair to state that the cadmium-alloy bearings were 
manufactured by methods intended to provide lowest cost and, 
in addition, the alloy was found to be excessively high in tin 
an element which is “poison” to cadmium. Nevertheless, they 
must be considered typical of bearings which are being sup 
plied to the trade. 


I am strongly of the opinion that more attention must be 





Fig. 22 -Bearings made from steel tubing and the backs 

ground. The grinding operation, however, was performed at 

a point in the seauence of operations to obtain lowest cost 

rather than highest quality. "Blueing in” the backs shows a 
very poor contact 
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HUpper Ailower “*3Upper *3Lower “SUpper 45 Lower 
CADMIUM ALLOY BEARINGS 








*2 Upper 42 Lower 44 Lower 46 Upper 46 Lower 
HIGHEST QUALITY TIN BASE BABBITT BEARINGS 
Area of failure due to fatigue... 1400% 


Fig. 23 - Comparison between cheap cadmium-alloy bearings 
and highest quality tin-base babbitt bearings after 250-hr 
endurance test in same engine —Oil reservoir temperature, 


200 F 


paid to greater detail in the specifications to which engine 
bearings are purchased—so as to include certain of these 
points of manufacture and thus obtain some control of both 


quality and price. 


Faulty Installation, Misuse, and Abuse 


Matters of design, selection of materials, methods of bearing 
manufacture, and procurement of specifications as discussed, 
are quite within the control of the engine builder, but his 
careful calculations and good intentions are defeated easily by 
failures which are catalogued as “those which are caused by 
misuse and abuse in operation and maintenance” and “those 
which are due to faulty installation” — this group mainly in- 
cluding service bearings replaced in the field. 

The following illustrations show various bearing failures 
returned from the field, mostly for credit. The specific reason 
for failure, as determined by investigation, is noted in each 
case. 

The bearings pictured in Fig. 24 are typical of failures 
which often are attributed to “poor bond,” but bearings which 
look like these have attained their spotty and bedraggled 
appearance through causes beyond control of the bearing man- 
ufacturer, such as excessively high-speed operation, both on 
the level or -when using the engine as a brake. Or maybe the 
type of service demands a higher-duty bearing material or 
design changes in associated parts of the engine. The bearings 
shown actually performed for 30,000 miles in coach service. 

In Fig. 25, the bearings shown were afflicted with an infe- 
rior bond, and the lining has been dislodged cleanly and in 
large sections. 

The immediate cause of failure of the two interchangeable- 
type bearings shown in Fig. 26 was inadequate oil clearance 
with the responsibility pinned to the mechanic who installed 
them as replacements. Incidentally, the minimum oil clear- 
ance which was possible with the various dimensional toler- 
ances amounted to 0.0005 in. Actually, the cause of this 
failure started in the drafting room, where a very tricky shim 
set-up was specified in combination with interchangeable 
bearings. Four 0.003-in. thick shims were intended to be 
used — maybe the mechanic only used three or maybe they all 
had a minus tolerance which absorbed the 0.0005-in. mini- 
mum oil clearance. The bearing in Fig. 27 owes its condition 
to misuse —the operator made it a practice to ride the clutch 
pedal. 


A frequent cause of premature bearing failure found in 


bearings replaced in the field is due to carelessness at assembly 
— dirt particles between the back of the bearing and its seat in 
the rod or crankcase as described in Fig. 28. 

The condition of the bearings shown in Fig. 29 is also the 
result of carelessness at the time the engines were recondi 
tioned. The refuse from regrinding the cylinder bores and 
valve seats was not washed out. A bearing is a very excellent 
oil filter, but its use in this capacity is not recommended. The 
cast-iron particles in these bearings were introduced through 
the oil stream. Bearing 4 had considerably greater mileage, 
and the field examination attributed its condition to corrosion. 
However, the lining was tin-base babbi:t which, to all practical 
purposes, is not affected by corrosion, and the real ailment was 
shown up under a microscope. 

In Fig. 30 is shown an interesting specimen — one of a set 
of bearings installed as a replacement and returned to the 
manufacturer with the complaint that they were too small in 
the bore to the extent that the crankshaft could not be turned 
over. 

The splotches, or scabby spots X are depressions or impres 
sions in the babbitt lining caused by lumps of dirt and hard 
carbon which adhered to the crankshaft at assembly. These 
lumps were larger and thicker than the oil clearance and 
were imbedded into the babbitt when the cap was bolted 
down. It naturally followed that the shaft was tight. 

One more illustration of the effect of foreign particles in a 
white-metal bearing is worth describing. As shown exag 
gerated in Fig. 31, when such a particle is imbedded in the 
bearing lining, the babbitt does not compress under it. Actu 
ally, the lining metal is displaced and raised up around it. 
This condition causes the clearance to be reduced greatly or 
destroyed locally and creates areas of excessive pressure which 
necessarily break down prematurely. The more of these for 
eign particles which find their way into the bearing and react 
in this manner, the greater will be the area of premature 
failure. 

Fig. 32 is a greatly magnified view of a small portion of a 
babbitt bearing surface into which metallic particles have 
become imbedded. Aluminum particles are identified at 4. 
In the dark cavities, B, cast-iron chips had been imbedded. In 
the lighter areas, C, displaced babbitt has been raised up 
against the rotating crankshaft and more or less polished off. 

To this list can be added: 

1. Excessive high-speed operation. 

2. Improper control of the vehicle when using engine as a 
brake. - 

3. Out-of-round connecting-rod bores, particularly when 
using interchangeable bearings. 

4. Out-of-round crankshaft journals and crankpins. 

5. Sprung crankshafts. 

6. A detonating engine. 

7. Partial or complete failure of lubrication — oil-ways and 
suction screen clogged with dirt or sludge. 

8. Engine put into hard service immediately after a rebuild 
with oil which is too heavy. 


Effect of Lubricants 

Although faulty lubricating oil is a popular cause to which 
to attribute bearing failures, I have seen very few cases where 
the oil itself was in any way to blame. This statement must 
be qualified to include the oil marketed by reputable manu 
facturers and must except certain corrosion troubles which 
have been experienced with copper-lead and cadmium-alloy 
bearings, although these troubles seem to be quite well under 
control at the moment. It is to be hoped that difficulties due 
to varnish formations in the bearings will not prove serious. 

There is one point whereby the oil manufacturers might 
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Fig. 24 — This type of failure is not due to poor bond 

Fig. 25 — These bearings failed because of faulty bond 

Fig. 26 — These bearings failed because of inadequate oil 
clearance. Note how the lining is extruded over the end of 


the steel backs 


Fig. 27—Lining on and adjacent to rear flange of rear main 
bearing failed because truck operator "rode" the clutch pedal 


Fig. 28-This bearing failed because of carelessness at as- 
sembly 


Fig. 29 — Bearing surfaces covered with minute cast-iron par- 
ticles 


Fig. 30 - Bearing which was assembled over a dirty crankshaft 
Fig. 31 — Diagram of metallic particle imbedded in babbitt 
lining 


Fig. 32 — View of metallic particles imbedded in bearing lining 
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Fig. 33 — Location of fine hairline cracks after 12!/2-hr test 
interval. 1.966% of the total developed bearing area is 
affected 


add to their usetulness by enlarging their recommendation 
charts to include the weight of oil to be used in a recondi- 
tioned engine with reground cylinders and crankshaft, new 
pistons, undersize bearings, and so on. 

Such an engine theoretically should be on a par with a new 
one, but actually the fits are usually tighter, the refinished 
parts not so smooth, and considerable benefit is to be obtained 
by the use of an oil which is lighter than the standard recom 
mendation for a reasonable run-in period. 


Rate of Bearing Deterioration 

In this paper, the reduction in the area of failure (that is, 
areas of cracks and cavities in the lining) has been treated as 
if it were a definite improvement to reduce these areas from 
35% to 16% (Figs. 7, 8, 9, and 10), or from 64% to 24% 
(Figs. 12 and 13), and I believe that :¢ is, not only from the 
standpoint of an accelerated test, but a reduction of this char 
acter may mean many added useful miles. 

The appearance of small cracks in a bearing lining, or even 
small cavities where the lining metal has become dislodged, 
usually is taken to mean that the useful life of the bearing is 
at an end. 

In a steel connecting rod or crankshaft, a crack is an indi 
cation that complete failure may occur at any moment. How 
ever, a steel or bronze-back bearing lined with tin-base bab- 
bitt, high lead babbitt, or cadmium alloy, is of an entirely 
different nature, and the development of cracks or cavities 
from their incipient stages to the point of deterioration, where 
engine performance is affected or complete failure occurs, 
seems to be a relatively slow process — if the lining is bonded 
properly to the back. 

As an example, in Fig. 33 is shown a set of steel-back tin 
base babbitt-lined connecting rod bearings, after a dynamom 
eter test period of 12) hr at an engine speed equivalent to 
80 mph, or a total of 1000 miles. 

Certain fine hairline cracks have developed, and their loca 
tions are outlined in black; 1.96% of the total developed bear 
ing area is thus afflicted. The complete set of new bearings 
weighed 243.19 g, and the total weight loss at this time was 
0.0321 g. 

Twelve and one-half hours seems like a very short period 
for deterioration to set in, but this characteristic has been 
observed in other engine models when the lubrication of the 
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Fig. 34 — Bearings after 150 hr. 29.86% of the total developed 
area shows cracks and cavities in the lining. Cavities are re- 
touched in solid black — Areas of cracks are outlined in white 


rod bearings was rated inadequate when checked according to 
the section dealing with oil flow to connecting-rod bearings. 

The test was continued, and at each 12'4-hr interval, the 
bearings were removed and checked tor areas of cracks and 
also loss in weight. 

The condition of these same bearings, after 150 hr, is shown 
in Fig. 34. 

The area covered by cracks and cavities (where the babbitt 
has become dislodged) now amounts to 29.86% of the total 
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Fig. 35 — Progressive development of cracked areas and cav- 
ities in tin-base babbitt connecting-rod bearings 
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Fig. 36 — Assumed rate of uniform deterioration of the bear- 
ings and conditions shown in Fig. 12, curve 4, compared with 
the assumed rate of deterioration indicated in Fig. 13, curve B 
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developed area, and the loss in weight amounts to 3.106 g. Up 
to this 150 hr, the engine has functioned normally, with no 
drop in oil pressure, no change in oil temperature, no bearing 
bumps, raps, or other manifestations of distress, and no 
change in oil consumption, so it is concluded that in spite of 
the cracks in the babbitt, the practical effective life of these 
beartngs is at least the 150 hr which they have been run. 

Fig. 35 is a curve of the rate of development of cracked 
areas in these bearings which is very uniform and amounts to 
approximately 2.53% per each 1244-hr (1000 mile) interval 
up to 125 hr, where it drops off slightly. 

This uniformity of the rate of deterioration seems interest 
ing and important. 

Accepting it as a tact, consider again the connecting-rod 
bearings shown in Fig. 12. These developed an area of so 
called failure of 64.79% in too hr at 80 mph, but without 
affecting engine operation. Assume, however, that their useful 
life was ended at the roo hr (8000 miles). ‘ 

The assumed rate of uniform deterioration to 64.79% at 
roo hr, is shown by curve 4 in Fig. 36. 

The bearings shown previously in Fig. 13 were considered 
a definite improvement because the area of failure was re 


duced from 64.79% to 24.76%. In curve B Fig. 36, is plotted 
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the assumed rate ot uniform deterioration of the 24.76%, 
Fig. 13 bearings to 100 hr and extended from there at the 
same rate to an area of failure of 64.79%, the same as the 
Fig. 12 bearings. 

From this figure, it appears that, in reducing the so-called 
area of tailure from 64.79% to 24.76%, a gain in useful bear 
ing life of 158 hr, or 12,700 miles at 80 mph, was obtained. 

It is the obvious ambition of everyone who makes or uses 
bearings to have them come through their desired and wished 
for span of life with a minimum of deterioration and distress 
but, in view of much evidence at hand of the character herein 
presented, I am of the opinion that the appearance of minor 
cracks and small cavities in a bearing lining often may be 
the cause of more concern and headaches than actually is 
warranted 

It bearings, such as are shown in Fig. 33, with a certain 
order of cracks and distress after 1000 miles, can go on and 
render satisfactory service for 11,000 additional miles of the 
hardest kind of breakdown test without affecting engine per 
formance, it seems like fairly reasonable evidence that these 
things are not necessarily indications that the useful life of a 
bearing is at an end, or even that its total life expectancy will 
be shortened perceptibly. 


Color Selection for Truck and Bus Bodies 


A! the New York Automobile Show there were some very 
effective color innovations in interesting departures trom 
the overall, one-color treatment for passenger cars that have 
been standard in recent years. These new colors are: 

Gunmetal combined with cream. 

Cream combined with cinnamon. 

Silver combined with metallic blue. 

Every one of these combinations is suitable tor use on com 
mercial cars. It is not so much the color selection that makes 
or breaks the appearance of commercial units as it is the 
proper distribution of color areas. It, in planning color lay 
outs for delivery units, we follow closely the few simple laws 
which regulate the use of colors in Nature, we can be more 
certain of good results. Nature gave striking coloration to the 
peacock, but the elephant she colored a taupe. In general, the 
larger the unit, the more closely related and subdued should 
be the prescribed color treatment. 

In today’s delivery fleets of smart manufacturers and re 
tailers, the outstanding characteristics should be refinement 
and style emphasis in color treatment. The showmanship that 
is so evident in retail department stores should not be absent 
trom their delivery units. 

One experience can serve as an example. After spending a 
year seeking an idea for color-styling its fleet of delivery units, 
one Midwestern organization did the obvious thing and sub 
mitted the problem to our studios through its supplier of 
automobile finishes. Three sketches with color perspectives 
were submitted. One was selected and one delivery unit fin 
ished in accordance therewith. The officers were delighted. 
The public reaction was splendid. As rapidly as practicable 
all of its some 550 units are being refinished in this same color 
and design layout. 

The public attitude toward delivery transportation is chang 
ing rapidly. The attractive new colors of passenger automo 
biles have awakened greater interest in and discrimination 


about delivery units. If anyone seeks conclusive proof of this 
condition, it is to be found in the experience of those who 
have seen the light and have tollowed it. 

Particular care should be used in lettering and in the use of 
accent colors. Color helps to develop lettering legibility and, 
properly employed, serves to enable the eye to distinguish 
letters or words more readily one from another. When letter 
ing in one color appears on a background of a contrasting 
color, the lettering should be separated from the ground color 
by an edging of lighter color. 

Only ten commercial vehicles displayed at the goth Annual 
Automobile Show in New York this month could be consid 
ered safe from the visibility standpoint. None was treated 
with any noticeable degree of studied artistry to improve its 
overall appearance on a par with the excellent achievements 
portrayed by passenger-car producers. 

Everybody directly interested in commercial cars should be 
interested also in the rapidly increasing use of attractive and 
utilitarian plastics in passenger cars, for these products will be 
found more and more in future commercial cars. In their 
tail-light directional signals Buick uses du Pont Lucite for its 
resistance to breakage and high deflection value as much as 
for its sparkling beauty. We find this same Lucite as well as 
Plastacele used for steering wheels, instrument panel controls, 
reflectors, interior door hardware, and so on. All of this use 
shows a trend toward adaptation of refinement that serve the 
dual purpose of utility and beauty. That Lucite and Plastacele 
molding powders will be adopted for wide use in commercial 
cars is a sign of the times. 


Excerpts from the paper: “The Selection of Color as Re 
lated to Truck and Bus Body Design,” by Howard Ketcham, 
E. 1. du Pont de Nemours & Co., Inc., presented at the Na 
tional Transportation and Maintenance Meeting of the Society, 
St. Louts, Mo., Oct. 26, 1939. 








Light-Weight Transportation Units 


By Frank Jardine’, A. H. Woollen’, and D. S. Mussey’ 


Aluminum Co. of America 


BY the use of carefully considered designs, the 
authors contend, any transportation unit in 
use today can be made largely of aluminum and 
considerably lighter than the same unit made en- 
tirely of ferrous materials. In most cases, they 
declare, it is possible to make a weight reduction 
of approximately 50% from the weight of an iron 
or steel part when aluminum is used. 


Results of a test made on a 36-passenger alumi- 
num-alloy bus are reported, indicating that calcu- 
lated stresses do not correspond very closely with 
measured stresses. This finding is attributed to 
the fact that a bus body is a complex, statically 
indeterminate structure and the accuracy of de- 
sign calculations is wholly dependent upon the 
accuracy of the assumptions upon which they are 
based. Strain gages were used to measure the 
stresses actually occurring in the parts. 


The authors emphasize the necessity of local 
stability, or the ability of the members in a bus 
body to withstand maximum loads, both service 
and accidental, without permanent distortion. The 
high tensile strength of the alloy steels cannot be 
fully utilized, they claim, because, to do so, would 
result in the use of sections so thin that they 
would buckle locally and collapse. 


In concluding, the authors recommend mate- 
rials to be used in different parts for buses and 
light railcars. 


HERE is a general tendency to increase the speed ot all 
forms of transportation units, also, to reduce the cost of 
operation of these units. Within the past ten years the 
speed of air transports has increased considerably. The speed 
of the streamline train is increased greatly over that of the 
conventional train, and the speed of buses and trucks also has 
increased. Laws have been passed governing the minimum 
speed at which trucks and buses can travel up a given grade. 
There is no indication that other units of transportation have 
reached the maximum desirable speeds. 
[This paper was presented at the World Engineering Congress of 
Society, New York, N. Y., May 25, 1939.] 
1Chief engineer of Castings Division. 


2Railway engineer, Development Division. 
*Engineer, Development Division. 
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Fig. | — 36-passenger aluminum-alloy bus, the shell and running 
gear of which were tested at the New Kensington Works of 
Aluminum Co. of America 


The question of payload is also very important in all trans 
portation units with the possible exception of the passenger 
car and railroad train where the vehicle rarely is loaded to 
capacity. In these two units, it 1s necessary to have a certain 
amount of roominess and comfort without very great regard 
for other conditions, but it is also desirable to have light 
weight to obtain maximum speeds quickly with the minimum 
horsepower. In the truck and bus, a light weight and high 
payload ratio are doubly important because of legislation gov 
erning the gross weight of a vehicle allowed to travel on th 
roads. This legislation makes low gross weight a necessity 
in order to obtain a satisfactory payload. High speed, high 
payload, or both, together with the weight of the vehicle, are 
of prime importance. 

To obtain the minimum practical weight for a given unit 
and make an economical payload possible, the use of alumi 
num is necessary. This material has many of the same char 
acteristics as have iron and steel, but weighs approximately 
one third the weight of the same volume of iron or steel. By 
the use of carefully considered designs, any transportation 
unit in use today can be made largely of aluminum and con 
siderably lighter than the same unit made entirely of ferrous 
metals. In most cases it is possible to make a weight reduc 
tion of approximately 50% from the weight of an iron or steel 
part when aluminum is used. 

In diesel engines for transportation units, which are in 
herently heavy, welded-steel crankcases were introduced with 
the idea of reducing weight. Although the welded-steel cas 
was lighter than the cast-iron case, an aluminum case would 
be approximately 40% lighter than the welded-steel case. 
There are instances where very thin sheet steel has been used 
to obtain lightness, resorting to various methods of obtaining 
rigidity by forming. By use of these same methods and 
aluminum, it is possible to obtain a definite weight saving 
over light-weight steel construction and just as satisfactory 
performance. In almost every instance where light weight is 
obtained by the use of steel construction, lighter weight can 
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be obtained by use of aluminum. It is not the object of this 


paper to show that everything should be made of aluminum 
but, wherever aluminum is practical, an aluminum part is 
lightest in almost any kind of an installation. 

In some units where aluminum is used generally at this 
time, attempts are being made to use steel to reduce the costs 
and, in other units where steel is used now as standard, at- 
tempts are being made to use aluminum to reduce the weight. 
This condition will exist for a long time to come to meet 
changing conditions but, where light weight is most impor- 
tant, aluminum will continue to be used in large quantities 
because of its fundamental advantages. 

Railroads find the use of aluminum in the streamline trains 
to be economical and practical. Most of this material is used 
in the form of sheet, extruded, and rolled shapes which re 
sults in a much lighter unit. The use of these lighter units 
makes longer trains possible with a car of given power. 

In aircraft, where weight is most important next to safety, 
aluminum is used extensively. 

Aluminum is used quite generally in buses for both body 
and chassis. 

In trucks a great many bodies and tanks are made of 
aluminum, but the chassis manufacturer seems to be more 
interested in what his competitor does to reduce weight than 
in what the customer wants. This condition results in a com- 
bination of a heavy chassis and a light-weight body. The body 
usually is purchased by the truck purchaser, making it pos 
sible to get any type of body he desires. 

In pleasure cars the use of aluminum as a means of saving 
weight only is not very extensive. Wherever it is possible to 
obtain other advantages along with lightness, or where a 
greater economical advantage is obtained than in the case of 
just a saving in dead weight, aluminum is still being used, 
as in pistons and cylinder heads. The pleasure car, however, 
has never been an economical means of transportation and, 
until it is, the use of aluminum in large quantities will not 
be universal. 





Fig. 2—Strain gage used to measure the stresses in the bus 
parts under loaded conditions 


When considering the problem of reducing the weight of 
a vehicle, most engineers start with the large units, or where 
the greatest weight can be saved, but a complete analysis of 
the possible weight saving of a given unit often results in a 
very much more satisfactory understanding of the entire 
problem. 

In most cases the body should be considered as a special 
unit due to the fact that it usually is made largely of sheet 
and extruded stock by a completely separate department. The 
chassis is made up of stampings, forgings, and castings in 
another department and should likewise be analyzed as a 
separate unit. 
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Combinations of these units in. their many possible varia 
tions constitute our modern bus and may be divided into 
three general classes: 

1. Transit-type buses 

2. Parlor or interurban-type buses 

3. School buses 


The construction of the first two classes mentioned is gen 
erally alike as far as framing and covering are concerned. 
They are designed on the basic assumption of number of pas 
sengers to be carried. Transit-type buses must carry a full 
seated and standing load, and the parlor or interurban type, 
a normal seated load only, plus baggage. 

The distribution of these loads, of course, is different. In 
the transit-type, the seated load is concentrated at the seat 
supports, and the standing load equally distributed over the 
open floor space. Generally this space is the aisle between 
seats, so the standing load is distributed over a middle third of 
the floor beams. Parlor-type buses will have concentrated 
loads at the seat supports, but the baggage may be carried in 
overhead racks above the seats, in a baggage compartment 
over the rear roof, or in a baggage space under the floor be- 
tween the wheels. 

Two general powerplant locations are now standard-rear 
engine or pusher type, under-floor engines or pancake type. 
Each of these locations introduces very different design prob- 
lems. The weight of the engine, either adding to or sub 
tracting from its torque reaction, introduces complicated stress 
concentrations which must be combined with the dead and 
live static stresses resulting from the loading. A proper al- 
lowance for impact should be made on all loaded members. 
Various designers use from 50% to 100% of the static stress 
added to the impact load for this allowance. 

In designing a structure, the action of which is as com- 
plicated as that of a motor bus, it is necessary to make certain 
simplifying assumptions. Consequently, it is questionable if 
the stresses occurring in the structure in service are related 
very closely to the design figures. 

In the early days of the motor-bus industry the bodies were 
mounted on a chassis, and it was assumed that the weight of 
the body and passengers was transferred directly to the chassis, 
in other words, that the two longitudinal chassis rails sup- 
ported the body. Many buses were and still are designed on 
this basis with satisfactory results. Except for small buses 
with short wheelbases, most bus body designers today figure 
that the load is transmitted to the side frame of the bus body 
through cross-members adjacent to the spring chassis and from 
there on, the side frame carries the bending load. Conse- 
quently, many buses have been designed with non-continuous 
longitudinal members and continuous cross-members in place 
of a chassis. Results have been highly satisfactory. 

On first glance this latter method of design, or chassisless 
design, seems the more reasonable. The great depth of the 
side frame unquestionably gives it greater stiffness than a 
chassis could have. However, under this assumption, the load 
on the spring shackles has to be transmitted to the side frame 
by means of cross-members adjacent to the shackles. It is at 
this stage in the discussion that redundancy appears. Longi 
tudinal members, continuous or non-continuous, are used 
generally, running from the front to the rear of the bus. These 
are used as the simplest method of taking care of longitudinal 
forces arising from acceleration and retardation, and to serve 
as floor supports. If these members are used, how will we 
determine how much of the load is carried by the longitudi- 
nals and how much is transmitted to the side frame? 

When non-continuous longitudinals are used, the answer 
seems easy. The end condition could be figured as a simple 
beam, and all of the load will be transferred directly to the 


side frames through the cross-members. This assumption 
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cannot be used, however, for the ends of the non-continuous 
longitudinals have a degree of fixity which varies with the 
rigidity of their connections at the cross-member. Our tests 
show that these longitudinals functioned almost as continuous 
beams owing to the rigidity of the riveted connections at the 
cross members. On the other hand, a considerable portion ot 
the floor load must have been transmitted to the side frames, 
for it is possible to measure stresses here also. 

It appears that the body shell could not possibly carry the 
entire load unless the longitudinals were left out entirely or 
were connected to the cross-members with pin connections so 
that the bending moment could not be transferred from one 
non-continuous longitudinal to the next adjacent one. Neither 
is it possible for the chassis to carry all of the load. In short, 
there is a compromise made automatically by the structure 
itself in which the loads are distributed to the various mem 
bers in proportion to their relative stiffness. 

An opportunity for studying the behavior of a motor bus 
similar to Fig. 1 under various conditions of static and 
dynamic loading was made possible in 1937 through coopera 
tion with the bus builder. This 36-passenger aluminum-alloy 
bus when tested consisted of shell only. The complete shell 
and running gear, without seats, were tested by Aluminum 
Co. of America, New Kensington Works. 

The results of this test indicated that calculated stresses do 
not correspond very closely with measured stresses. The ex 
planation is attributed to the fact that a bus body is a com 
plex statically indeterminate structure, and the accuracy of 
design calculations is wholly dependent upon the accuracy of 
the assumptions upon which they are based. 

In this particular test the comparison between calculated 
and measured static stresses was most interesting. The meas 
ured stresses were, on the average, approximately one-fourth 
as great as those calculated. Under normal operating condi- 
tions, which included operation on rough pavements, dynamic 
stresses were as much as three times measured static stresses. 
Under unusually severe operating conditions, measured 
dynamic stresses were as great as five times the static stresses 
encountered. Bearing in mind that impact factors ranging 
from 50% to 100% are used generally in design calculations, 
the bus was amply strong. The difference between calculated 
and measured static and dynamic stresses was compensating 
so that the maximum total (static plus dynamic) calculated 
and measured stresses were in reasonable agreement. 

Under static loads the body acted more as a unit than is 
assumed generally. The dynamic loads were more severe 
than anticipated. 

A brief description of the more interesting tests seems de 
sirable. The first static load test was made with a loading 


simulating full passenger load. About 16,000 |b ot sand bags 
were used and distributed as the passenger load would occur 
in service. The strain gage, Fig. 2, was used to measure the 
stresses actually occurring in the parts under loaded con 
ditions. 

Variations in temperature were corrected for by the use ot! 
aluminum standard bars. The accuracy of this gage cor 
responds to +500 |b per sq in. in aluminum. Deflections and 
distortions of various portions of the bus were measured wit! 
0.001 in. dial indicator in conjunction with various adjustable 
rods. 

In the following discussion of test results it must be 
membered that the stresses shown are changes in stress only, 
caused by the application of the sand-bag load. It is impos 
sible to measure the static stresses caused by the weight otf 
the body itself, although these stresses may be expected to be 
rather small as the aluminum body weight was about 2952 
lb and that of the sand-bag load about 16,000 |b. 

Taking a cross-section of the body near the center of the 
bus, the maximum measured stress under this load was 160 
Ib per sq in. Most of the stresses measured were within tl 
range of error of the instruments. 
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Fig. 4—The figure illustrates how a side sill-belt rail assembly 
was simplified by the use of an aluminum extrusion 


At a section through the middle door opening a maximun 
tensile stress of 2800 lb per sq in. was encountered at the 
bottom of the channel member under the door opening at the 
front of the door. On the top side of this channel compres 
sive stresses of 1700 lb per sq in. were measured. Measured 
stresses at the rear of this member were negligible, as is true 
elsewhere in this cross-section. 

At a cross-section through the rear wheel housing maximun 
compressive stresses of 1700 lb per sq in. were measured at 
the wheelhouse angle. Considerably lower tensile stresses 
were found in the roof. 

The static stresses in the underframe, as would be expected, 
were higher than those measured in the superstructure, but 
still quite low. Maximum tensile stresses of 2900 lb per sq in 
and compressive stresses of 3100 lb per sq in., were measured 
in the four cross-members to which the spring shackles were 
attached. As would be expected, these members acted pri 
marily as beams with an upward reaction at the spring 
shackles. Tensile stresses were found in the top and com 


pressive stresses in the bottom flanges. Compressive stresses 
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were measured in the top flange and tensile stresses in the 
bottom flange of the floor beam near the center of the bus. 

The body was not unnecessarily strong, a conclusion one 
might draw trom the low static stresses. Dynamic stresses 
measured by Baldwin Southwark scratch strain gages were 
much higher than anticipated in view of the low static stresses 
encountered. Under normal operations over rough city streets, 
dynamic stresses as great as three times the static stresses were 
measured in the underframe. Decelerating at maximum rate 
from speeds of 20 and 40 mph produced dynamic stresses that 
were within the range of stresses found in operating over 
rough city streets. 


To simulate extremely severe dynamic loads, the bus was 
run over equally spaced 4-in. timbers at varying speeds. Some 
of the stresses measured under this condition were roughly 
five times as great as the static stresses. This condition is true 
of both undertrame and superstructure members. Under 
dynamic loads, both in the superstructure and in the under- 
frame, a reversal stress was detected. In many cases the 
reversal was practically complete. 

From the test results it was impossible to devise a general 
method of making design calculations to approximate the 
actual measured stresses. The redundancy caused by the con 
tinuous action of the non-continuous longitudinals is believed 
to be the principal reason. Top and bottom gussets were 
used between the non-continuous longitudinals and the cross 
members, and it is felt that they contributed in a large meas 
ure to this action. It is doubtful also whether these gussets 
could have been eliminated without introducing harmful 
stress concentrations. 

Physical tests in which stresses are measured by the use of 
strain gages in simple structures or structural elements are 
highly effective in the development ot formulas for design 
calculations. As the complexity of the structure increases, as 
in the case of a bus body, this result becomes increasingly dif- 
ficult. Therefore, it is felt that the value in these tests for 
bus body design lies largely in that it is a means of checking 
a structure, already designed and built for weakness before a 
new design of bus is placed in service. In some cases it might 
he possible to use these measured stresses as a basis for design 
calculations, but the structure tested and the one being de 
signed must be strictly comparable. Despite its present limita- 
tions and cost, we believe that the use of strain-gage tests will 
increase. 


The demand tor light weight is becoming increasingly im 
vortant. The increasing demand for faster schedules, both in 
transit and inter-city-type buses, has placed a premium on 
grade-climbing ability and acceleration combined with a rea 
sonable top speed comparable to that of private motor vehicles 
under operating conditions. There are two ways of accom 
een this purpose: the weight of the vehicle may be de 
creased or the size of the engine may be increased to obtain 
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Fig. 5 — Simplification of a platform corner post of o street car 
by the use of an extrusion 
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more horsepower. Obviously, the former is the more economi 
cal method. The increase in first cost is nominal. Increasing 
the horsepower of the engine to obtain performance with a 
heavy bus body results in a vicious and inefficient spiral 
increasing weight and cost, both original and operating. 

The advent of air-conditioning in inter-city type buses has 
placed an additional premium on light weight. The equip 
ment required has increased the weight of the vehicle, and 
the bus designers are working along the lines of keeping the 
air-conditioning equipment as light as possible and attempting 
to reduce the weight ot the rest of the vehicle to compensate 
as much as possible for the increased weight of the air-condi 
tioning equipment. 

There are two choices before the bus designer who is at 
tempting to design a light-weight bus body. He may use 
thin sections of heavy metals or thicker sections of the light 
metals. On the basis of tensile strength alone, paper-thin 
sections of high-strength steel would seem justified in bus 
construction in view of the relatively low stresses measured 
in the previously mentioned test. On the contrary, however, 
compressive stresses govern in any structure of this sort. It 
is largely a question of keeping the structural or relatively 
highly stressed elements in substantially their original con 
tours when loads are imposed upon them. In most cases 
auxiliary stiffening members such as side posts and carlines 
perform this function. In other cases, sufficient stiffness is 
built into the structural element so that it need not be rein 
torced or stiffened. Continuous cross-members in the under 
frame are a fair example of this condition, although they do 
derive additional lateral stability from the floor stringers or 
longitudinals. 

Local stability, in short, is the crux of this type of structure. 
Extreme overall rigidity is not desirable for it is likely to in 
duce harmful stress concentrations in ordinary service. Local 
stability is used in the sense of the ability of the members ot 
a structure to withstand maximum loads, both service and 
accidental, without permanent distortion. The stability of 
member in a bus body is a function of its ability to withstand 
compressive stresses without permanent distortion, either local 
or general. 

The high tensile strengths of the alloy steels cannot be 
utilized fully, for to do so would result in the use of sections 
se thin that they would buckle locally and collapse. It is in 
this respect that the superiority of the light metals is greatest. 
A lighter, thicker cross-section can be used generally with 
increased strength because of the lower specific gravity of the 
metal. 

In addition to the advantage of a low specific gravity, alu 
minum offers another important structural advantage to the 
bus designer. When designing a member of a structure, every 
engineer attempts to distribute the metal in a section in the 
most efficient manner. The extruded aluminum shapes as 
shown in Fig. 3 often prove more effective than rolled struc 
tural shapes or shapes formed from sheet. 

Extruded shapes are flexible tools by which an engineer 
can get results that cannot be obtained economically by any 
other method. Every engineer knows the advantages of 
shifting the neutral axis in beams and in columns to avoid 
eccentric loadings. When extruded sections are used, this 
shifting is often done very easily by varying the contour or 
the thickness at various parts of the cross section. 

Many times it is desirable to reinforce a continuous top rai! 
or, in railroad parlance, side plate sections at door openings. 
Fig. 3 illustrates a simple method of reinforcing by means of 
extrusions. 

Extruded shapes are used effectively in solving the de 
signers problems of making proper connections. It is pos 
sible to extrude a wide variety of shapes that cannot be rolled. 
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Fig. 6—The assembly shown serves as an air chute, lighting 
duct, and a structural part of the roof of a rapid-transit car 


Fig. 4 shows how a side sill-belt rail assembly was simplified 
by the use of an extrusion, and Fig. 5 shows the simplification 
of a platform corner post of a street car by the use of an 
extrusion. 

Fig. 6 shows what can be done when an engineer really 
works on the idea of making one member serve a number of 
functions. The assembly serves as an air chute, lighting duct, 
and a structural part of the roof of a rapid-transit car. 


Recommendations for Material and Workmanship 


Material — The following Aluminum Co. of America publi 
cations supplement the recommendations given herein: 

Alcoa Aluminum and Its Alloys. 

Finishes for Aluminum. 

Machining Aluminum. 

The Riveting of Aluminum. 

The Welding of Aluminum. 

The following recommendations are intended to suggest 
the most economical utilization of the aluminum alloys. In 
making a selection the properties of these alloys are consid- 
ered in the following order: 

r. Strength, as governed by endurance limit. 

2. Corrosion resistance. 

3. Ease of fabrication. 

4. First cost. 


Reterence is made to the booklet, “Alcoa Aluminum in 
Truck Bodies” and Supplement, for general notes on design 
and construction of aluminum structures: It also gives stand 
ard extruded shapes available for bus construction. This book 
should be in the hands of all bus designers and should be 
considered part of these recommendations. 

Forming of Shapes, Sheet, and so on —It should be borne 
in mind that one of the advantages of aluminum alloys is 
their adaptability to the extrusion process. Much labor in 
forming and assembly can often be saved by using these ex 
truded shapes. Assemblies of sheet and shapes sometimes can 
be combined in one extrusion. 

When necessary to form shapes and sheet, radii of bends 
should be so specified as to enable the metal to be formed 
cold. Where 61ST or 53ST cannot be worked cold, it should 
be ordered in the “W” condition and can be subsequently 
aged to “T.” (See instructions in “Alcoa Aluminum and Its 
Alloys”). The 52S, 61S, and 53S alloys can be heated suf 
ficiently for forming with no detrimental effect other than 
lowered physical properties. The 17ST and A17ST alloys 
should not be heated and formed unless they are re-heat 
treated after the forming is complete. 

Forming of structural shapes or sheet by machines, such as 
breaks, bull dozers, press, and so on, is entirely practicable 
and, when performed cold or hot, the tools should be polished 
as smooth as possible and lubricated with tallow, lard oil, 
and kerosene, or 600-W oil. Forming on a ship table either 
cold or by local heating is practicable. When heating these 
alloys for forming a two-point pyrometer always should be 
used to check temperatures. 

Joint Construction — We recommend the use of 53SW rivets 
driven cold. The shear value of these rivets is half that of a 
steel rivet and, if allowance is made for this fact, satisfactory 
relations between shearing value and bearing value of sheets 
is obtained. Care should be taken, however, to see that the 
rivet is of such length as can be driven without danger of 
over-driving the shank. (See booklet, “The Riveting of Alu 
minum,” for instructions for riveting.) The use of steel 
rivets either hot or cold-driven also is entirely satisfactory. 

Electric spotwelding and seamwelding can be employed. 
These processes will be found economical provided the proper 
equipment is available. 


Table 1 


Part Aluminum Alloy Specifications 





BN ee sea lie ay 61ST & 53ST Extruded Sections. 
Roof carline and purlins... 61SW & 53SW Extruded Sections 
Floor stringers...... 53ST Rolled Sections 
men ra... ..... 53ST Rolled Bar... . 
61ST & 53ST Extruded Section 
528 4H Sheet or Plate 
61ST & 53ST Extruded Shape 
Side sills. 17ST Rolled Shapes. 
53ST Rolled Shapes. 
61ST & 53ST Extruded Shapes. 
61ST & 53ST Extruded Shapes 


Roof side plate 


End sills. 


Underframe shapes... . 17ST Rolled Shapes 
53ST Rolled Shapes 
Gusset plates in all framing 17ST Sheet or Plate 
52S4H Sheet or Plate 
Side sheets . 4S 14H Sheet or Gray Plate 
Roof sheets . 4S 14H Sheet or Gray Plate 
Roof end corners 350 Sheet or Gray Plate 
Roof end sheets ISH Sheet or Gray Plate 
Dash sheets . . iSY4H Sheet or Gray Plate 
Interior finish. . . 38 4H Sheet or Gray Plate 
Headlining........ 38H Sheet or Gray Plate 
Decorative or finish molding 2S As Extruded 
Window sash guides....... 53ST5 As Extruded 
Strength castings........ 195T6 Heat-Treated Castings 
Castings—miscellaneous... 214 Castings 


Handrails and stanchions. 


38 4H 


Tubing, Alumilite 204-A2. . 4 


Principal 
Reason for 
Selection 








Method of Fabrication 
Offsets formed cold. 


°? 

3 Form cold to shape 
4 Use as received. 

} Use as received. 

3 Use as received. 

l Form cold in press. 


Use as received, 

Use as received (if formed hot, must re-heat-treat). 
Use as received (if formed hot, must re-heat-treat). 
Use as received (if formed hot, must re-heat-treat ). 
Formed cold to shape desired. 

Use as received but, if formed hot, re-heat-treat 
Use as received but, if formed hot, re-heat-treat. 
Shear to shape from standard sizes of sheet or plate. 
Shear to shape from standard sizes of sheet or plate. 
Use as received. 

Form cold if necessary. 

Form cold with press or Pettingill hammer 

Form cold. 

Form cold. 

Use as received. Shear from standard sizes 

Use as received. Shear from standard sizes 

Use as received. 

Use as received. 

Finish machine and use 

2 Finish machine and use. 

Use as received. 


Se PP PP PWR RNR De OWNS 





ee 


December, 1939 


It is entirely practicable to use oxy-hydrogen, oxy-acetylene, 
carbon arc-welding, or metallic arc-welding when desirable. 

For detail description and instructions see “Welding of 
Aluminum.” 

Accessories or Specialties — These parts of a street car, bus, 
or light-weight railcar generally are spoken of as the addi 
tions which must be placed on the body shell in order to com 
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grooves. A very much stiffer section is provided than is pos 
sible in formed sheet, made-up rolled molding, or shapes. 
The extruded sections are joined by either gas or arc-weld- 
ing and by mechanical means. The sash and exposed parts 
of the guides and trim may be given several finishes, buffed 
or satin finish; natural aluminum color is the most popular 
and lowest cost. The “Alumilite” treatment is also excellent 


Table 2— Transit Bus Aluminum Parts 
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plete the appearance and provide necessary window and door 
closures for passenger comfort. In addition to the foregoing 
items which are common to all classes of vehicles mentioned, 
railcars and some interstate buses are equipped with lavatory 
and toilet facilities. 

Most of these accessories are purchased from suppliers de- 
veloped in aluminum to meet the demand of the builders and 
operators of motor buses. 

As a further refinement, air conditioning of passenger 
vehicles, now practically universal on railroad cars, has ex- 
tended to the light-weight railcar, or rail bus, and has been 
installed successfully in more than 100 interstate-operated par- 
lor-type buses. In dealing with buses, however, these latter 
facilities are extra refinements and are not generally developed. 
When used, however, they are more like the type which has 
been developed for airplane construction, and as much alumi 
num is used as possible in order to keep the weight down to 
an absolute minimum. Detailed discussion of these parts, 
particularly the air conditioning, is not considered pertinent 
to this paper other than the mention just made. 

Window Sash — Window sash on buses and light-weight 
railcars commonly are purchased complete, including sash 
guides and curtain guides, if these are used. These parts are 
made principally of aluminum-alloy extruded shapes. The 
flexibility of the extrusion process makes easy provision for 
various shapes to provide for glass retaining slots and similar 





when additional protective coating is desired to retain the 
natural color, but cannot be used if the sash is gas or arc- 
welded unless provision is made to cover the weld, which will 
show up as an irregular stain after Alumilite treatment. Elec- 
tric butt-welding is just in the development stage for window 
sash, produces a very satisfactory joint, and only shows a thin 
regular line when given the Alumilite treatment. 

Present practice is to use single raise or drop sash, in some 





Fig. 7—Parts of this gasoline truck are made of aluminum 
wherever practical. A brief history of its performance is in- 
cluded in this paper 
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Table 3- Properties of Steel and Aluminum Beams of Constant 





Width 

STEEL ALUMINUM ALUMINUM ALUMINUM 

= ED 
a cine he oans « aaa ; 1 l 1.44 2.82 
MEd Gdiaae sicheaie ts x ; 1 1 2.08 7.98 
Se Fas P l 1 3.00 22.50 
_ ae ateeciawe.< .. 100 35.4 51 100 
Strength....... sre, Ce .. 100 50.0 104 399 
Racing sooo skin's isis oan 33.3 100 750 

Assumptions Made 
STEEL ALUMINUM 

Specific Gravity................ 7.9 2.8 
Young’s Modulus, Ib. per sq. in... .. 30000 000 10 000 000 
Tensile Strength, Ib. per sq. in................ce00e. 100 000 50 000 





cases with individual ventilators in the sash. As air condi 
tioning of buses grows, it may mean the development ot 
double sash to improve insulation conditions. 

Double sash should be provided with an easily removable 
inner sash so the space between sash can be cleaned readily. 
De-hydration of this space automatically is provided in some 
railroad-car installations, but is not yet satisfactory and is 
expensive. 

Doors — The design ot doors tor buses and railcars probably 
needs more attention today than most of the other accessories. 

Aluminum doors generally are used on these vehicles today, 
principally because the use of aluminum alloys permits a sub 
stantial, safe door with minimum weight. 

Bus doors should be light and easily operated. This opera 
tion is generally by air or electricity in city or transit types, 
and by mechanical operators in the interurban type. 

Railroad-car doors are larger, and speed in operation is not 
so important. These doors usually are operated by direct 
action on the part of the passenger or trainman. 

Door construction is generally made of extruded sections 
for styles, rails, and either double or single-sheet panels. All 
joints are either gas or arc-welded; electric spotwelding is em 
ployed where possible to attach the panels to the frame. When 
part of the door is glazed, extruded sections similar to win 
dow sash are used. 

Bus seats are not reversible and are divided into two general 
types: reclining-back type used in parlor or interurban type of 
bus, and the non-reclining type used in transit-type buses. 

The railcars generally require the reversible seat with re 
clining adjustable back, and are considerably heavier than the 
bus seat. The rotating mechanism is generally aluminum 
casting and the rest of the seat frame steel tubing. Arm rests 
and aisle sides of seats are generally aluminum castings. 

Interior Finish—Interior finish of buses and railcars 1s 
generally a combination of aluminum sheet and decorative 
aluminum moldings, with pressed wood, Masonite, or similar 


Table 4— Properties of Steel and Aluminum Beams of 
Geometrically Similar Cross-Section 





STEEL ALUMINUM ALUMINUM ALUMINUM 
“4 
a 
a.. 1 1 
Pe Wares ee a sina ahaa Bae oars 1 l 
Ba CKea eee iwide bes careweané 1 1 
a‘ eee ee ere e 1 35.4 
Weight eT TET Pu ee 100 50.0 
NET AEE 6 od. «Hh cao Om 100 33.3 
Stiffness. .... ep ute natyaae Wee’ 100 35.3 
Assumptions Made 
STEEL ALUMINUM 
NG ines cicciee a 00500006- SO Re ee 7.9 2.8 
Young’s Modulus, Ib. per sq. in... mo Hae ik 2 30 000 000 10 000 000 
Tensile Strength, lb. per sq. in...... et EAP ee 100 000 50 000 


material used below the belt rail. In this type of vehicle, the 
passengers generally sit close to the windows. A metal win 
dow sill or metal finish below the windows is cold to the 
touch. In buses, particularly transit type, little if any insula 
tion is used, and the wood panels serve for this purpose as 
well as for finish. 

Head lining from the tops of the windows across the ceil 
ing is usually made of aluminum or magnesium sheet and 
extruded molding for trim, or used as a combination of bat 
ten and decorative molding. City or transit-type buses gen 
erally have stanchions at the doors. 

The various other accessories, such as heaters, lights, parcel 
racks, signs, fare boxes, and ornamental castings are generally 
aluminum alloys in various torms used on account of light 
weight. 

The body which we have been considering is an aluminum 
alloy 36-passenger body weighing approximately 2952 lb with 
out seats or accessories. An assumed weight saving of 50% 
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Fig. 8 - Wet-sleeve aluminum cylinder construction (left) and 
dry-sleeve construction 


over conventional construction would mean a saving in the 
body alone of approximately 2952 |b by the use of aluminum 
wherever practical. 

The chassis or running gear of a truck or bus offers added 
opportunity to save weight, although the truck manufacturers 
do not take advantage of this opportunity as much as they 
should. 

In order to obtain a complete picture of the weight-saving 
possibilities in a light-weight chassis, it is suggested that an 
analysis similar to that shown on Table 2 be made. 

This analysis covers only the engine and rear axle, but 
should be made to include all other parts used such as clutch, 
transmission, front axle, miscellaneous parts, and accessories. 
In order to complete this chart, up-to-date cost figures should 
be obtained for both ferrous and non-ferrous metals. 

By taking advantage of this analysis, it is possible to deter 
mine where weight can be saved most economically and to the 
greatest advantage. It is most desirable to reduce unsprung 
weight to a minimum, also, to obtain other advantages if 
possible, as in the case of the aluminum piston and cylinder 
head where weight is saved and power increased. The alumi 
num alloys specified on the chart were chosen with regard to 
their ability to perform most economically the service required. 

It should be noted that high-strength heat-treated 195 alloy 
is specified for dynamically loaded parts such as wheels, 
brakes, brackets, and axle parts. Heat-treated 356 alloy is used 
for cylinder blocks, cylinder heads, and other parts subjected 
to temperature and stresses; unheat-treated 112 alloy for oil 
pans and covers not subject to high stress. 
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It also will be noted that a weight saving of 30 to 60% ot 
the weight of the ferrous alloy part is possible. 

The figures shown in this chart are actual estimates mad 
up in connection with the analysis of the weight saving pos 
sible in the 36-passenger bus chassis used tor the body already 
described. 

A total chassis weight saving of 1727 lb was indicated pos 
sible by the complete analysis. This saving added to the 2952 
lb reduction in weight made possible by use of aluminum in 
the body results in an overall weight saving of 4679 |b. 

Fig. 7 shows a unit which is built up of parts made of 
aluminum wherever practical and which has been in service 
since June, 1935. In order to demonstrate the possible saving 
by use of aluminum, a brief history of this unit up to January, 
1939, has been included in this paper. 


Shell Petroleum No. got 


Placed in service June 23, 1935 
Capacity 3850 ga 
Zonus load due to aluminum construction K56 val 
Cost of steel unit 100% 
Cost of aluminum unit 116.5% 
Mileage on Jan. 1, 1939 173,014 mul 
Davs operated 1n 1937 3¢ 
Days operated in 1938 361 
Average number of trips/day in 1937-38 7.091 
Average number of trips/day to date (Jan. 1, 1939) 6.81 
Total number of trips to date (Jan. 1, 1939) R288 
Average muiles/trip 57.07 
Total number of gallons hauled 31,839,462 
Total number of bonus gallons hauled 7.094.528 


[If this unit, which operates against state-law weight limits, 
were constructed of steel, it would have taken 10,613 trips of 





Fig. 9 — Cast-aluminum crankcase and cylinder block 


605,684 miles to haul the same number of gallons (31,839, 
462) at 2994 gal trip (2325 extra round trips). 
Average cost, gal /trip via rail tank car $ 
Actual cost gal trip via aluminum tank truck 
Estimated cost/gal trip via steel tank truck 0.002942 
Total cost of operating aluminum unit to date $73,675.52 
Estimated cost of operating steel unit to date 
hauling the same number of gallons as alu 
minum unit 


0.0050 32 


>? 
0.002314 


$94,340.33 
Net profit after deducting increase in cost due 

to aluminum construction $19,930.81 
Days operation to amortize additional cost of 


aluminum 105 


It will be noticed that it requires 105 days of operation to 
amortize the additional cost of the aluminum construction 
and, after being in operation from June 23, 1935, to Jan. 1, 
1939, the saving made over the same unit in steel would pay 
for at least two more units. 
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Fig. 10-Conventional axle as it should be designed for alu- 
minum 


Design Details — When designing parts to be made in alu 
minum, the same consideration should be given the foundry 
or forge shop as is given these plants when using ferrous 
metals. Aluminum parts are subject to notch effect due to 
sharp corners and stress concentration, also to troubles due to 
sudden changes in section the same as any other material, and 
the same precautions should be taken to eliminate these con 
ditions as in any good design using ferrous metals. 

In order to show clearly the variations possible by changing 
the sections of aluminum and steel of given physical prop 
erties, Tables 3 and 4 were made up. By giving them careful 
consideration, along with the physical properties of the differ 
ent alloys published in the booklet, “Alcoa Aluminum and Its 
Alloys,” it is possible to see the advantages in weight saving 
made possible by the use of aluminum. 

Table 3 covers conditions encountered when dealing with 
sheet. The letter d represents the depth of the beams. For 
equal stiffness the depth of the aluminum beam is 1.44 times 
that of the steel beam, its weight 51% that of the steel and its 
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Fig. 11 - Comparison of cast-steel and aluminum rear-axle de- 
sign 
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Fig. 12— Aluminum brake drum with gun-iron liner shrunk and 
bolted in place 


strength 104%. For beams of equal weight, the depth of the 
aluminum is 2.8 times that of the steel, its strength about 4 
times as great, and its stiffness 7.5 times as great as steel. 

Table 4 shows a comparison of square sections for sim- 
plicity. The letter a represents the length of the side of the 
square. For beams of equal weight, the stiffness of the alumi- 
num is 265% that of the steel and its strength 237% greater. 

The choice of alloys should be given careful consideration, 
as it is often possible to use remelt alloys which cost less than 
the high-strength heat-treated alloys. Careful and economical 
design is more important when using aluminum to avoid 
using too much of a more expensive material than with most 
ferrous alloys, so as not to increase the cost of a given alumi- 
num part. When designing parts such as pistons and cylinder 
heads which operate at elevated temperature, the physical 
properties at elevated temperatures should be considered. 

When designing an aluminum crankcase and cylinder 
block, the cylinder construction shown in Fig. 8 should be 
considered. One design shows what is commonly known as 
the wet sleeve which is most practical from a foundry stand- 
point and is used almost entirely in overhead-valve engines. 
The other design shows the dry sleeve which usually is used 
for L-head engines and is the same from a foundry standpoint 
as any conventional L-head cylinder design. The welded-steel 
crankcase and cylinder block often is used for big engines to 
reduce engine weight, but it is necessary to use steel forgings 
and sheet to obtain the greatest reduction in weight which is 
an expensive construction and not as light as the cast-alumi- 
num crankcase and cylinder block shown in Fig. 9. 

By the use of forged-aluminum parts and sheet aluminum 
welded together the same as the forged-steel unit, a crankcase 
and cylinder block could be made even lighter than the cast- 
aluminum part. In almost every case a part made in fer- 
rous metal can be made considerably lighter by the use of 
aluminum. 

Rear-Axle Housing — A number of different types of rear 
axles are in common use, most of which can be made of 
aluminum with a real- saving in weight. Fig. 1o shows a 
conventional axle as it should be designed for aluminum. 
Fig. 11 shows both the cast-steel design and the aluminum 
design. The heavy black sections indicate the section to be 
used for aluminum, making it possible to compare this section 
with the cross-hatched section and see the changes necessary 
to convert from steel to aluminum. This conversion would 
result in a saving of approximately roo lb in the weight of 
the rear-axle housing alone. 

Rear Wheels — There are a number of conventional cast- 
aluminum rear wheels in production at this time, and there 
should be more in the future. There are other types of wheels 
which can be made of aluminum with satisfactory weight 
saving such as the disc wheel with either an aluminum disc 


and aluminum hub or steel disc and aluminum hub. In some 
cases the aluminum hub is equipped with a steel liner for the 
wheel bearings but, in most installations, the bearing is a light 
shrink fit in the aluminum. In these hubs or wheels the bear 
ing should have enough shrink fit to insure against the 
bearing outer race coming loose when the wheel is at maxi 
mum temperature. 

Fig. 12 shows an aluminum brake drum with a gun-iron 
liner shrunk and bolted in place. This type of construction 
gives very satisfactory results from a brake standpoint, but the 
weight saving is only approximately 30%. Fig. 13 shows 
another design of brake drum using small pins around the 
drum flange for driving. 

Fig. 14 shows the weight saving possible using different 
wheel combinations. When using an iron liner in an alumi 
num wheel, it is possible to cast the wheel and drum in one 
piece and replace the liner whenever necessary instead of 
replacing the drum. This method makes a light wheel and 
drum, also a less expensive replacement job. 
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Fig. 13-Design of brake drum using small pins around the 
drum flange for driving 


There are a great many other parts of a bus or truck which 
can be made of aluminum. Some of these parts may make 
the cost of weight saving higher than is as economical as 
desired. This condition will be shown by the analysis of 
weight and cost. These parts should be eliminated to a point 
where the cost of saving a pound of weight is an economy 
rather than a burden. 

Considering the foregoing data, it is felt that there should 
be complete agreement with the fact that any light-weight 
unit must have a large percentage of aluminum in it to insure 
the minimum practical weight and, if these parts are designed 
properly, there should be a weight saving of from 40 to 50%. 
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Fig. 14- Weight saving possible using different wheel com- 
binations 
































Aspects of Frameless Car Design 


By W. D. Appel 


General Motors Overseas Operations 


R. APPEL defines a frameless car as one in 

which the body is used as a structural mem- 

ber and in which the axles, engine, and steering 

gear are attached to the body, instead of having 
that unit used merely as a shell for passengers. 


The chief differences between frameless and 
conventional cars are summarized by stating that 
frameless cars: 1. weigh about 2%, less; 2. cost 
less by somewhat more than 2% — where sufficient 
quantities are involved; 3. are definitely more 
rigid; 4. are necessary to obtain the lowest floor 
height; 5. cost no more to service; 6. are just as 

; bs ; 
quiet on the road; and 7. do not involve higher 
insurance rates than conventional cars. 


Design effects brought by the frameless con- 
struction are listed as including: 1. elimination of 
the outside coach builder, even in Europe; 2. there 
can be no shifting of blame between body and 
chassis designers for body squeaks, rattles, and so 
on — the body and the chassis engineer become the 
same person; 3. because spring brackets, shock 
absorbers, bumpers, front frame extensions, and 
so on, are attached directly to thin sheet metal, 
particular care must be taken in providing local 
reinforcements to distribute the stress; 4. consid- 
erably greater rigidity in the underbody is re- 
quired for convertible models. 


motor cars has been used by only very few manufac- 

turers in this Country, it is fairly commonplace among 
manufacturers in Europe. This method eliminates the con- 
ventional chassis frame. The principle is old and fairly well 
known, but there is good and sufficient reason why its devel- 
opment has not progressed as rapidly here as over across the 
water. 


‘ LTHOUGH the “frameless” method of constructing 


Our enormous annual car volume is produced by relatively 
few manufacturers who have big investments in plant, equip- 
ment, tools, and tried technique. Their very size leads them 
to be cautious in making any radical changes which might 
have some remote possibilities of difficulty in manufacture, or 
which might lead to unfavorable reaction in the hands of the 
public, their customers. 


(This paper was presented at the World Automotive Engineering Con- 
gress of the Society, New York, N. Y., May 22, 1939.] 
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With the European manufacturer this condition is different. 
In any of the European manufacturing countries the largest 
annual volume is less than one-tenth of ours, and this amount 
is supplied by anywhere from two to five times as many 
makes of cars. That means that the share of the total market 
which any manufacturer enjoys, as well as the financial risk 
involved in undertaking something new, is considerably 
smaller. 

There are other factors, however, which have made this 
type of construction more attractive to him than to us thus 
far—and one is a matter of economics. The high price of 
motor cars and the high cost of operation have forced the 
European manufacturer to build smaller, lighter, and more 
economical cars than ours and, in this respect, the frameless 
car appears to be able to make definite contributions. Just 
what these contributions are I will explain later. It should be 
fairly clear to us by this time, however, that, with the ever- 
increasing prices in labor and material, we soon shall find 
ourselves with the necessity for supplying cars which are 
cheaper, or facing a shrinking market. The trend is in that 
direction and, although we can pick up a few pennies here 
and there by leaving this off or “chiseling” on that, we cannot 
hope to make any further big economies without stepping up 
to a relatively big change. 


How Are Frameless Cars Different? 


Brietly stated, frameless cars use the body as a structural 
member and attach the axles, motor, and steering gear to the 
body instead of using it merely as a shell with which the 
comfort and safety of the passengers are provided. To do this 
job it is, of course, almost imperative that an all-steel construc- 
tion be used and, for best results, the sedan, or closed type, 
body having a roof structure is preferable. In some of our 
European markets, such as Germany, where convertible 
models represent a sizable volume, this construction is im- 
possible in these models and, to achieve a satisfactory result 
with this type of body, some further reinforcement of the 
underbody, which will be described later, is necessary. 

To illustrate how simply this method of construction can 
be demonstrated, in 1935, we took a 1934 Oldsmobile 8, 
which had been used on some very severe test work and was 
going to be scrapped, and decided to make a frameless car 
out of it. We cut out the frame under the body between a 
point just in back of the dash and the kick-up in the rear. 
Triangular bracing was applied between the dash and the 
frame in front and between dash and the radiator. A bracket 
was bolted to the bottom of the body to provide a mounting 
for the rear spring front eye and some tension rods were in- 
stalled between this bracket and the sawed-off front portion 
of the frame. 

This car was driven several thousand miles in this condition 
by different people. The body was unusually free from 
squeaks and rattles and there was a noticeable absence of 
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Fig. | — The Vauxhall frame extension forward of the dash (be- 
low) is bolted to the body (above), and braced onto the dash 
and roof structure. The frame extension is composed of lighter 
sections than is the corresponding part of conventional frames 


tender shake. Anyone driving this car would not be able to 
detect that there was anything unusual about it except that 
it seemed to be pretty young for its mileage. The really inter- 
esting part was that, whereas the original car had a torsional 
stiffness between front and rear axle planes of 2031 lb-ft per 
deg of twist, the frameless rework gave a stiffness of 3865 
lb-ft per deg. Most of this increase came from the trussing 
of the front end which increased the stiffness between the 
plane of the front wheels and the dash from 5075 to 31,600 
lb-ft per deg. However, the body itself also became stiffer. 
This value went up between the dash and the rear wheels 
from 3440 on the original car to 4323 lb-ft per deg on the 
reworked model. 

This example really illustrates the principle of the frameless 
car. The body takes bending load by taking tension in the 
underbody members and compression on the windshield pil- 
lars, roof, and back panels. It resists torsion by torsion- 
resisting sections built into the body and by the skin of the 
body itself, the large distance from the neutral axis to the 
body metal contributing to greatly increased rigidity figures. 


Advantages Over Conventional Construction 


Before I go any further I wish to point out that I have no 
“axe to grind” one way or another. The company with 
which I am associated builds cars of both the frameless and 
the conventional types and, in my everyday work, I am 
brought in contact with the advantages and disadvantages of 
both methods. 


In presenting them, | am merely reading from the pages 
of our experience. 

Weight Saving — Whenever the subject of frameless cars 
first is brought up, the possibility of saving weight looks 
like the one big juicy apple to be picked. Frankly, I want to 
tell you that we do not know exactly how much weight can 
be saved. About all we know is that it is perhaps not as 
much as you may think it ought to be, but that it is a worth 
while amount. 

My company has built at least a halt dozen different kinds 
of frameless cars, practically each one with the idea of achie\ 
ing the practical minimum in weight for a given body size. 
Each time that the designer goes to work he eliminates weight 
not only by the use of this construction, but also by all the 
other known methods, such as increasing stresses, simplifying 
construction, and eliminating certain gadgets and refinements, 
so that identifying the part that the frameless construction 
alone plays is none too clear. I say this because a true com 
parison only can be made between two cars differing in this 
one respect only and, if differences of body construction, 
rigidity, glass area, and so on, are taken into consideration, 
the final result boils down to a mathematical evaluation in 
the end. 

Basically that portion of the frame from the dash forward 
is not affected, except that it is now no longer a continuation 
of a heavy side rail and that its function as a means for sup 
porting the engine and locating the front suspension and 
steering gear can be accomplished better by a lighter section 
braced onto the dash and roof structure. This arrangement 
saves some weight. See Fig. 1. 

The entire weight of the frame from the dash back to the 
rear end cannot be eliminated since part of this weight 1s 
replaced in the body by box sections in the underbody and 
anchorages for the springs, shock absorbers, and rear bump 
ers. Some estimates that I have seen claim that up to 3% ot 
the shipping weight of a conventional car can be eliminated 
by frameless construction. My own guess is that it will not 
exceed 14 to 2% and this figure is based on cars weighing 
from 1700 to 2400 lb. That means about 4o |b on a 2000-b 
car. 

Cost Saving— This is an even more nebulous factor. 
Weight is a factual thing which the engineer himself can 
determine, but cost is usually an opinion, the combined ver 
dict of the management, the production manager, the cost 
accountant, and the time-study clerk, all of whom have chang 
ing ideas of burden and burden centers, standard volume, 
and so on. For my own simple analysis I always feel that, if 
the number of parts and the amount of material and labor in 
the parts can be reduced, then the cost must be less regardless 
of what the cost experts tell me. I am naturally not able to 
give you fabrication costs of our cars and, even if I could, a 
comparison with superseded models would be valueless for 
the same reason that I have given under weight analysis. It 
is my opinion, however, that the saving in cost will exceed 
percentage-wise the saving in weight. Most of this saving will 
come through elimination of labor and number of parts, since 
the material eliminated is mainly low-cost material below the 
average cost per pound of the car. 

In our German plant where the entire underbody is pressed 
out of one piece of metal, we were confronted with the use 
of sheets of a larger size than the mill was prepared to fur 
nish in volume due to lack of equipment. The price per 
pound on these sheets was naturally higher than on ordinary 
body sheets and also higher than on the chassis frame which 
it replaced. We, therefore, flash-welded two narrow strips 
together edgewise and produced our underbody panels from 
this assembly. 


An important factor in cost, however, 1s tooling, bearing in 
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mind that an all-steel construction must be used. To keep up 
with the parade on model changes, volume is needed against 
which to charge off tooling costs, otherwise the unit cost will 
be prohibitive. It is only the smaller cars having a volume 
background which are made this way in Europe.’ The larger 
cars are still built, and probably will continue to be built, with 
a separate chassis frame so that composite bodies involving 
considerably lower tooling costs can be used on the frame. 


What Are the Design Limitations? 


The outside coach builder is practically eliminated from the 
picture for the reasons | have just given. This builder is an 
almost negligible factor in our American sales picture and is 
shrinking rapidly in Europe. The outside coach builder’s 
doom was sounded with the general introduction of the all 
steel body and sealed when it became recognized how much 
the body contributed to the overall rigidity of the car. To 
anyone interested in volume production, this factor therefore 
could not be a deterrent. To those who would like to cater 
to the coach builder, the way is still open to supply a conven 
tional chassis using the same chassis components as are used 
with the frameless construction. 

This thought brings recognition to the tact that the body 
and the chassis engineer become the same person. No longer 
can there be any shifting of blame for noise, rattles, and 
squeaks in the body. No longer is there any argument as to 
where and how the body should be fastened to the frame. It 
is the frame and, when it is being designed, it must be con 
sidered as a structure concurrently with the styling and manu 
facturing viewpoints 

In view of the fact that spring brackets, shock absorbers, 
bumpers, front frame extensions, and so on now are attached 
directly to thin sheet metal, we must provide local reinforce 
ments to distribute the stress. This reinforcing must be done 
carefully to avoid either fracture due to localized stress ot 
excessive weight to creep back into the car. Gasoline tanks 
in these cars are mounted so as to form a part of floor of the 


ASPECTS OF FRAMELESS CAR DESIGN 








Fig. 2-Opel and Vaux- 
hall underbodies. The 
Opel underbody 
(above) is necessarily 
of stiffer design because 
a large percentage of 
these cars carry bodies 
of the convertible type 
as compared with the 
Vauxhall underbody (be- 
low) used only in closed 
cars 


wi 
o~ 
NS 


trunk compartment. This arrangement eliminates the use ot 
any straps or brackets to hold them. 

If convertible models are a necessary part ol the line, con 
siderably greater rigidity in the underbody is required. With 
a sedan or closed car the roof structure contributes an impor 
tant piece to the overall rigidity in bending and torsion, which 
contribution is lost when the top is collapsible. Most of us 
have experienced this difference. In this connection, attention 
is directed to the difference in the underbody of our English 
Vauxhall cars where closed cars only are built at the factory 
and our German Opel cars where convertible bodies represent 
a large percentage of our total volume and where the under 
body was designed to meet the requirements of an open car 
Even there we differentiate slightly between underbodies for 
open and for closed cars. The design is necessarily the same, 
but we use metal about o.o10 in. thicker for the convertible 
underbody. See Figs. 2 and 3. 

One definite advantage is available with frameless construc 
tion — it allows us to lower the floor of our cars beyond that 
permitted with a separate chassis frame. With the conven 
tional X-frame we are restricted to a high floor even if we 
are willing to use a tunnel in the body. With a box side-rail 
frame the ground clearance under the frame would be less 
than with the same ‘floor height but using trameless construc 
tion. This condition is true if the frame pretends to have 
any stiffness of its own. 


What About Rigidity? 


In our experience to date on frameless cars, we have ob 
tained results in torsional rigidity greater than that of con 
ventional cars. The reasons for this result are threefold: 

First, most of the frameless cars that we have built to date 
are shorter than average American cars. When an object 
stressed in torsion is made shorter, its rigidity usually goes 
up proportionately. To those who have been on both the 
largest ocean liners and the sturdy cross-channel steamers, this 


factor is very apparent. The big liner will shake violently 
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under certain conditions of heavy seas, but the channel steamer 
will allow itself to be tossed around without much complaint. 

Second, with the absence of a long, one-piece frame side 
member, we eliminate the possibility of a cantilever mounting 
for this frame extension. Thin sheet metal is not adapted to 
taking the heavy stresses developed in this way. With the 
frameless construction there is therefore need for strut bracing 
between the dash and the frame extension. This bracing helps 
enormously in the stiffness between the front wheels and the 
dash and eliminates most of the radiator and fender shake 
which was with us a few years ago. Strut bracing a light for- 
ward frame extension is far superior in contributing rigidity 
both in bending and in torsion than almost any conventional 
frame unbraced. I do wish to point out, however, that tying 
the front fender and hood side panels into the body and 
frame rigidly, helps enormously in achieving the same result. 
This same construction is also available for use in frameless 
construction as we shall see. 

Third, with closed-car bodies used in framless construction, 
both the underbody as well as the upper structure usually are 
reinforced to take care of the load and road stresses. Since 
the ordinary body already contributes between 60% and 80% 
of the total rigidity, the stiffening of this particular member 
helps enormously in the final result. 

The average stiffness of the 1939 American sedan between 
the plane of the front and the rear wheels is about 3500 lb-ft 
per deg. The 1939 frameless car measured in the same man- 
ner will measure between 3500 and gooo lb-ft per deg. 


Stresses 


We cannot calculate intelligently the stresses in the body of 
frameless cars. The thickness of sheet metal used is governed 
principally by press shop requirements although, when con- 
vertibles are considered, thicker metal contributes substan- 
tially to the rigidity result. 

The first cars that we built were quite small and light, 
weighing about 1650 lb curb weight. On these cars the sheet- 
metal thickness was 0.040 in. The latest model which we are 
producing in the frameless construction weighs 2687 lb and 
on this car the floor and side-rail members are made of 
0.050-in. sheet metal, and some of the cross braces of 0.060-in. 
stock. 


Corrosion 


One factor which is likely to influence the designer in 
choosing the thickness of the metal for the underbody is that 
of rust and corrosion which will weaken the important part 
of the structure — the box reinforcements. Between protecting 
the outside and the inside of the box, we feel the latter to be 
the more important. There is nothing which can be put on 





the outside which will insure for long against the abrasion 
which will constantly take place due to sand, gravel, and 
water, but the prevention of trapping water on the inside of 
the box, we feel, is important. In our overseas manufacture 
we dip the whole body assembly in a tank containing the 
ground coat lacquer. We now have been making frameless 
cars since 1935, and have built over 200,000 to date and have 
not yet experienced any difficulty on this score. 

In 1938, we called in a car which had been operated for 
two years in Stettin, Germany, on the Baltic Sea coast and 
which had covered 16,000 miles in service. We cut up the 
underbody and found that any traces of rust formation on the 
inside of the box sections were negligible. This underbody 
was made of 0.040-in. metal. It appears that, if the underbody 
is made of a metal thickness which will handle properly in 
the dies, give adequate rigidity to the body, and is protected 
on the inside against rusting and the accumulation of water, 
it will outlive the rest of the car without failing due to cor 
rosion. 

Assembly Problems 

Assembling frameless cars does not differ much from the 
regular procedure of dropping the body onto the chassis. In 
the Opel plant the front suspension and powerplant assembly 
are carried on a conveyor truck behind which the rear axle 
assembly is carried at the proper distance. The body is dropped 
onto these units and they are bolted together as the conveyor 
is moving. The propeller shaft is then inserted into the tunnel 
from the rear and the flange couplings are bolted to the 
transmission and the rear axle from underneath the car or 
through the floorboards as the case may be. The conveyor 
height is such that the men are working with their hands 
slightly above eye level. See Fig. 4. 

If the body has a full tunnel and the transmission has a 
tailshaft extension it becomes necessary to thread the end of 
the transmission into the front end of the tunnel before rais 
ing the front end of the motor into place. The tunnel also 
will limit the length of the tailshaft extension. This condition 
will arise only with a completely closed tunnel which is nec- 
essary only to achieve the best rigidity result with open bodies. 


Collision and Service Repairs 

On all of our cars the frame extension forward of the dash 
is bolted to the body and hence is readily removable. This is 
an appreciable advantage from the service point of view. 
When we first introduced the frameless construction into our 
Opel line, the Service Department made strenuous objections 
on the basis that servicing costs would be prohibitive, but the 
factory disarmed them by issuing specific detailed instructions 
to all their dealers on how the car can be assembled and dis 


Fig. 3—Complete body 
frame with rear quar- 
ter— Opel Kapitan 
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Fig. 4-Assembling frameless 
cars at the Opel plant. The 
body is dropped onto the front 
suspension, the powerplant as- 
sembly, and the reor-oxle as- 
sembly as these units move 
along the assembly line 
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assembled. Now we do not hear anything more about this 
matter. 

Any collision damage which does not require body replace- 
ment with a separate frame will not require replacement with 
the frameless construction. Hammering dents out of body 
panels can be done on either construction with equal facility. 
With separate chassis frames collision damage to the frame 
can often be repaired by straightening whereas, on frameless 
cars due to the lightness of the frame extension, it is more 
often necessary to replace the entire frame extension. In the 
matter of cost, however, there should not be much difference 
since the short frame extension is not very expensive and can 
be removed easily from the body and a new one bolted in its 
place. 

The foregoing comments refer mainly to the milder types 
of front-end collision. With severe head-on collisions, side 
collisions, and rolling-over sideways, there is very little to 
choose between the two constructions as far as either the 
amount of damage or the expense involved is concerned. 


Noise Level of Frameless Cars 


Noise level does not increase as cars are made stiffer. 
Frameless cars are actually quieter since the low-frequency 
responses are eliminated, leaving the body sympathetic to the 
higher frequencies only. Most of these higher frequencies 
emanate from the road so that insulation between the road 
wheels and body becomes almost imperative. On conventional 
cars there is some isolation of the body from the chassis due 
to method of mounting the body to the frame. Insulation or 
flexibility of mounting brackets produces much the same re- 
sult. At the same time it tends to depreciate the overall stiff- 
ness of the car as a unit due to this flexibility. 

We have found that rubber insulating the rear springs from 
the axles and the body and the front suspension from the 
frame extension helps tremendously in reducing this noise 
level. Paper and asphalt type insulation onthe panels of the 
body only will deaden noise due to impact from stones, and 
so on (knuckle test), but will not affect the high frequencies 
emanating from the road. Frameless cars can be made just 
as quiet in operation as any car of conventional construction. 
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What About Customer Preference? 


From our observation the buying public in neither England 
nor Germany seems to be the least bit interested in whether 
the car is of the conventional or the frameless construction 
as long as they feel they are getting the best value for their 
money. Even in a country like Germany where technical 
points are “played up,” this feature has not aroused the slight- 
est ripple of public opinion. 


Insurance Rates 


I include this item because it represents one of the factors 
which might influence the decision in some countries. 

In neither England nor Germany are our cars subject to 
any higher insurance rates than if the car were of conventional 
construction. This condition, we feel, is principally due to the 
removable frame extension member which we use. Some 
other manufacturers who inake this member an integral part 
of the body are subject to higher collision rates. 


Summary 


I have not presented all of the major factors which I feel 
are involved in the basic difference between frameless cars 
and those using a separate chassis frame. I believe we can 
sum up by saying that frameless cars: 

1. Weigh less by about 2%. 

. Cost less by somewhat more than 2%. 

Are definitely more rigid. 

Are necessary to obtain the lowest floor height. 
Cost no more to service. 

6. Are just as quiet on the road. 

7. Do not involve higher insurance rates than conventional 
cars. 
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With these facts before us, it appears to me to be inevitable 
that sooner or later a great many of our volume-produced cars 
will come to this construction. 

In conclusion, I wish to acknowledge the kind assistance 
and cooperation of Karl Stief of Adam Opel A. G., and 
Maurice Olley of Vauxhall Motors, Ltd., in preparing this 
paper. 











Vibration Characteristics of Aircraft 


Engine-Propeller Systems 


By Charles M. Kearns 


Project Engineer, Hamilton Standard Propellers, Division United Aircraft Corp. 


OMPLETE isolation of the airplane propeller 

4 from the engine, except for a very flexible 
torque drive, appears to be the only satisfactory 
solution of the vibration problem in the future, 
Mr. Kearns believes. Under such conditions, he 
explains, much lighter propeller blades can be 
used to maintain even greater horsepowers than 
are available at present so that, in spite of the 
trend toward more power, the increase in overall 
weight of the powerplant may be delayed consid- 
erably. 


This problem of the vibration characteristics of 
the engine and propeller when operating jointly. 
he points out, recently has become practically the 


ITH the advent of metal propellers and increasing 

unit power in aircraft powerplants, propeller failures 

were experienced under power and speed conditions 
at which the design stresses were strictly conservative. From 
the nature of the fractures and because the same propellers 
had passed successfully considerably more severe whirling 
tests on electric motor rigs, it soon was concluded that some 
vibratory phenomenon was responsible for these fatigue 
failures. 

In the whirl tests on all types of propellers, it was found 
also that some designs failed in fatigue. This condition soon 
was attributed to a self-excited vibration or “flutter” which 
derived its excitation energy from the airstream. In these 
cases, it was possible to eliminate the offending instability by 
blade design changes. 

Because of the seriousness of a propeller failure, the Hamil- 
ton Standard Propellers Division undertook an intensive re 
search study of the propeller vibration problem. From the out- 
set of this work, it became evident that, until a more complete 
analytical understanding of the extremely complex mechanical 
system was available, it would be essential to measure vibra- 
tory stresses under actual operating conditions. The develop- 


{This paper was presented at the World Automotive Engineering Con 
gress of the Society, New York, N. Y., May 25, 1939.] 

1 See Journal of Applied Mechanics, ASME Transactions, Vol. 59, De 
cember, 1937. pn. A-156—-A-159: “‘Vibration Stress Measurements in Strong 
Centrifugal Fields.”’ by Charles M. Kearns and Ralph M. Guerke 


determining factor in the selection of the proper 
propeller for use with a given airplane-engine 


combination. An intensive investigation of this 


problem, studying both experimental and analyti- 
cal approaches to the causes and solution of the 
high-stress conditions found in some engine-pro- 
peller combinations, is reported. 


In his paper, Mr. Kearns discusses the various 
sources of excitation and resultant modes of mo- 
tion frequently found in present-day powerplants. 
He also points out some of the present methods of 
treating vibration problems and mentions possi- 
ble future developments in this direction. 


ment of a strain gage which could be fastened to the propeller 
without marring its surface and which could be used in flight 
is described in a previous paper.’ 

In its final torm, the strain gage became a strip of strain 
sensitive carbon which could be calibrated on a vibrating 
beam and transferred to the surface to be studied. Attachment 
for the gage is provided by a thermoplastic resin which has 
sufficient bonding ability to make measurements in centrifugal 
helds of 8000 gravity possible. 

In making actual stress measurements on rotating pro 
pellers, the gage is cemented to the propeller at the point of 
interest and fine lead wires are run underneath protective 
tapes from the gage to the electrical collector rings which are 
necessary to complete the electrical circuit. 

The strain gage is connected so that, as the blade is strained 
during a vibration, the alternating resistance change produces 
an alternating voltage which can be amplified and measured. 
From a knowledge of the gage calibration and amplifier sen 
sitivity, an electrical output indication can be converted into 
vibratory stress. Because of the frequent coincidence of sev 
eral vibratory modes, the stress-time function is usually non 
sinusoidal so that a permanent oscillographic record is usually 
made for each stress measurement. A careful analysis of such 
an oscillogram then yields the harmonic components of the 
stress wave as well as its complete stress range. 
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Fig. | — Twelve-element recording oscillograph and associated 
amplifying equipment 


As background in experimental studies began to ac 
cumulate, it became evident that simultaneous measurements 
at many points on the propeller and engine were desirable 
and, as a result, the research equipment now in use consists 
of a 12-element recording oscillograph with a bank of ampli 
hers to drive the several elements. Photographs of the record 
ing equipment and a sample vibration record are shown in 
Figs. 1 and 2. 

In addition to propeller stress measurements, it 1s usually 
necessary to measure either the vibratory motion of the engine 
in space or the crankshaft torsional vibration or both, in order 
to understand the modes of motion involved and to determine 
the nature of the possible solutions of the problem. For this 
work, the linear and torsional electromagnetic pickups devel 
oped by Draper, Bentley, and Willis* have proved very satis 
tactory. By the use of such instruments, together with pro 
peller strain gages and 


> 


a multielement oscillograph, it is 
possible to obtain on one record a complete picture ot a vibra 


See the ournal of the feronautical ences, Vol. 4. May 937. pt 
81-285: ““M.I.7 Sperry Apparatus for Measuring Vibrations y ( S 
Draper, G. P. Bentley. and H. H. Willis 

See SAE Transactions, Vol. 3 December, 1936, pp. 469-479 \ 
tien of Crankshaft-Pronelle Systems,” by Karl Liirenbaum 

‘See Mecha al | erma, Vol. 58, April, 1936, pp 
eller Crankshaft-Vibration Problem by H. H. Couch 
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tory mode with the phase and amplitude relations of separate 
parts of the system clearly shown. 


Modes of Vibration of a Complete System 


Modes Involving Engine Crankshaft Torsional Oscillations 

Because of the wide popularity of radial engines, only those 
modes of vibration common to such engines will be discussed. 
Dr. Karl Liirenbaum has ably discussed the problem as re 
gards in-line engines in his paper of December, 1936.” 

When trouble with propeller-shaft and crankshaft failures 
in marine powerplants first was experienced, a caretul anal 
ysis of forced resonant torsional vibrations was made. The 
results of these studies were utilized when difhculties first 
became apparent with aircraft-engine crankshafts and, for a 
considerable time, it was believed that the radial engine 
propeller system could be thought of completely in terms of 
a simple two-mass system such as shown in Fig. 3. In this 
case, it was considered that the propeller was a flywheel of 
infinite moment of inertia and that the crankshaft comprised 
a simple lumped flexibility and a simple lumped moment ot 




















Propeller 
& Engine 
Fig. 3 — Simple two-mass A 
system 4 Ip 
I; 


inertia. On this basis, it was concluded that, if the natural 


l K 
frequency of the crankshatt, \ 
d ») 


2a / 
incide with some multiple of firing frequency within the 


Fig. 2, did not co 


operating range of the engine, no serious trouble from vibra 
tion would be encountered. 

Lieut. H. H. Couch* further contributed to the general 
knowledge of the problem by studying the modes of vibration 
ot the propeller as a freely suspended beam. An electromag 
netic strain gage developed in the course of this investigation 
was one of the first practical means available for measuring 
propeller stress in actual operation. 


Subsequently, it became necessary, however, to consider 
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Fig. 2-—Sample oscillo- 
gram showing stresses at WHhAAAKHA 
six different points on a . Yi- 
three-bladed propeller v 
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such effects as those of the effective mass and rectangular : nei eager oe - 
moment of inertia of the engine upon the frequencies of the Table 1- Torque Harmonics (In Pounds-Inches) 
° a Oy « .< ‘ : “i 
various modes of the complete system. Moreover, the coup- for a 9-Cyl Radial Engin« 
ling between the crankshaft torsional system and the blade ee" ae _ 
vibrations also was found to be of practical importance. Irregular 
; : 1 Bank — Ideal Firing 
J. P. Den Hartog has shown (Fig. 4) the influence ot ee Race ce eae ; Total 
variable ratios of mass of the blades to mass of the hub and Inertia Harmonic 
inertia of the blades to “rocking” inertia of the hub for an Torque Gas Torque Total Total Pr 
: ; . ia Be ee f ; : aces a= aaa ota ota YY inder 
idealized propeller having uniform prismatic blades. For the der Sine Sine Cosine Sine Harmonic Alone 
case of the fundamental symmetrical mode, it can be seen that : ions eee ik ; 
a jai 0 0 12,700 0 12,700 | 
the natural frequency varies from 3.5 ¥ = to 5.6 ¥ ed "2 0 0 0 0 3270 
/ - ult ]4 ] —1180 —1203 —73 —2383 2385 4050 
c l4 3206 
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as separate cantilevers and to the condition of their being a ; 2 ve a = ~. = 
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First Symmetrical Mode 
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; Fig. 5-— Modes of pro- 
peller vibration involving 
Gc crankshaft torsional os- 
} cillations 
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Second Symmetrical Mode 

















In 1936, Major B. C. Carter? and J. Meyer® independently 
studied the couplings between the crankshaft and propeller 
systems analytically and proposed methods for determining 
the critical frequencies of any given combination of engine 
and propeller. These analyses have considered the crankshaft 
system as a simple torsional pendulum. 

Space does not permit more than mention of these impor 
tant papers so that the interested reader should consult the 
original works for more complete information concerning 
their findings. 


The results of these studies and of experimental observa- 
tions have led to a reasonably clear picture of modes involving 
crankshaft torsional oscillations. As shown in Fig. 5, such 
modes are characterized by both blades moving in phase with 
each other and by torsional vibrations of the crankshaft of the 
same frequency. 
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Table 2 - Torque Harmonics (In Pound-Inches) for a 14-Cyl 2-Row Radial Engine 
With Master Rods Located Conventionally and Unconventionally 


a = angle between two cranks (180 deg for conventional engine). 





on «OOr 


Tv 
8 = angle between two master cylinders (only possibilities: —, —, 7 ) 
‘ ‘ 
1 Bank — Ideal 2 Banks - Ideal Irregular 
—_— —___— —$$$$$$__—_—_—_—_—_— Firing Total 
Inertia Total Harmonic Harmonic 
Torque Gas Torque is ae ae 6 Master 
— ——____—_—_—_—_—_—_—————_—- Total Total a-8=0 a—-s= mae a—p= -< a-@= ~~ Cylinder 
Order Sine Sine Cosine Sine Harmonic , , 7 7 : 7 Alone 
0 . 29,300 29,300 29,300 29,300 i ee 
ly 0 0 0 0 0 0 0 0 4860 
1 — 2980 — 1720 — 1050 — 4700 4820 96540 $690 6030 2170 6080 
lk ve —67 +301 —67 308 0 385 600 555 4860 
2 — 184 +1770 0 +1586 1586 3172 L980 714 2860 3690 
2h ae —15 — 420 —15 420 0 755 655 189 2700 
3 — 169 0 0 — 169 169 338 76 304 212 2150 
3% ; +-10,400 — 6650 + 10,400 12,300 0 24,600 0 24,600 1670 
4 0 0 0 0 0 0 0 0 1190 
4% —540 +805 — 540 970 0 1750 1510 436 880 
5 +35 +120 +35 125 250 156 56 225 611 
5% +71 — 299 +71 308 0 385 600 555 445 
6 —87 —176 —87 196 392 353 245 8S 345 
64% 0 0 0 0 0 Q 0 0 277 
7 +320 — 2030 +320 2050 4100 4100 4100 4100 275 
7% 0 0) 0 0 0 0 0 0 283 
s +69 +280 +69 288 576 520 360 130 315 


As a result of these extreme complications it has been found 
almost essential to resort to measurements of actual proposed 
combinations to determine the critical speeds. In this way the 
relative importance of the various possible modes is ascer 
tained at once, and the way for the necessary corrective mea 
sures 1s pointed out. 

The excitations for these symmetrical modes of blade vibra 
tions usually arise from harmonic components of engine 
torque. In smaller direct-drive engines, it was found that 
only the integral-multiple harmonics of firing frequency were 
important but, with the introduction of larger twin-row 
geared radial engines, difficulties with lower-order excitation 
frequencies were encountered. It can be shown that, in an 
articulated rod system such as used in radial engines, inertia 
torques of relatively large magnitudes are imposed upon the 
engine crankshaft. For a g-cyl radial engine with all cylinders 
assumed to exert equal torques upon the crankshaft, the 
torque harmonics to be expected are shown in Table 1. A 
similar table is shown for a 14-cyl engine in Table 2 but, in 
this latter case, it is observed that the angle between master 
rod cylinders is important in determining the magnitude of 
the low-frequency inertia torques. The last column in each 
table shows the exciting torques if one cylinder does not fire. 

In addition to these excitations from a twin-row engine, 
very important vibrations at one-half firing frequency have 
been found which are believed due, in an ideally firing en 
gine, to the relative angular rotations of the two crank throws. 
Thus in Fig. 6, which shows a crankshaft vibration with a 
node near the propeller, it is possible for the rear bank of 
cylinders to feed a greater amount of “positive” vibratory 
energy into the system during one vibration cycle than the 
amount of “negative” (that is, opposite phase) energy which 
the front bank can supply. Further asymmetries of this sort 
are introduced by one bank producing more power than the 
other because of differences in intake pipe lengths, fuel distri- 
bution, and so on. 


7 See the Journal of the Aeronautical Sciences, Vol. 6. December, 1938, 
pp. 43-49: “Vibration Isolation of Aircraft Power Plants,’ by E. S. Taylor 
and K. A. Browne 


In a recent problem, propeller tip stresses have been en- 
countered of sufficient magnitude to cause failures at stations 
3 in. from the blade tips. The frequency of these vibrations is 
in the neighborhood of 36,000 cycles per min, and the source 
ot excitation has been traced definitely by frequency to the 
torque variations due to gear teeth meshing in the reduction 
gear. 

Modes Involving Engine Whirl Motions 


The concept of the importance of crankshaft torsional vibra 
tions as regards propeller stresses is very well established, but 
in recent developments it has become evident that there is 
another complete group of modes of vibration which involve 
motions of the engine itself in space and which are wholly as 
important as the first mentioned. 

From the standpoint of passenger comfort, the simplified 
system which assumes the propeller to be a “solid” flywheel 
has been studied quite carefully. Messrs. Taylor and Browne* 
have discussed the problem capably from this standpoint and 
have proposed a system of engine suspension which makes it 
possible to control the frequencies of the six “primary” modes 
easily and positively. 


| Torsional amplitude of 
| vibration along shaft. 
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Fig. 6—Simplified torsional vibratory system of a twin-row 
engine showing possible source of one-half firing frequency 
torsional excitation 











544 


S.A.E. JOURNAL 


(Transactions) 


If the only consideration were that of passenger comfort, 
then the interest in this problem would be exhausted. It is 
well known, however, that, because of the relatively low 
natural frequencies of the airplane structure, the high 
frequency vibrations which are destructive to the propeller 
are never felt in the cabin; as a consequence, they are all the 
more dangerous. 

The first class of modes which are of interest are those 
excited by propeller unbalance. In a system with symmetrical 
inertias and stiffnesses, a propeller unbalance either static or 
dynamic can excite a circular “whirling” oscillation of the 
propeller-engine system which is inherently incapable of pro 
ducing important propeller shank stresses. This is so because, 
referring to Fig. 7a, it is seen that the engine and propeller 
follow the exciting force around its revolution with the result 
that a given fiber of the propeller maintains a constant stress. 
Mathematically, it also can be shown that the stress frequency 
must be zero, as follows: 

In Fig. 7a, if the center of the hub whirls in the direction of 
rotation of the propeller at propeller speed, the horizontal and 
vertical accelerations of the hub become: 


t= — de Cos wl 
y = — do’ sin wl 
The moments induced in the blades then become: 
=M = — mr sin (at + 6) [— aw cos wt] + mr cos (wt + 6 


[— aw sin wt) = mr ow’asin @ = constant 


If, however, the stiffnesses or inertias about the pitch and 
yaw axes are not symmetrical so that a whirling mode in 
volves an elliptical orbit, it is possible for a propeller unbal 
ance to excite a whirl which proceeds in reverse crankshaft 
direction. In the case of an elliptical whirl, important shank 
stresses may be produced. 

The exact dynamics ot this reverse whirl phenomenon are 
quite complex, but a simple demonstration of the following 
sort can serve to show that a reverse whirl of a special kind 
can be maintained by a forward-rotating force. Assume a 
rotating body with a static unbalance of mr, and that the 
rotating body is part of a system whirling in the reverse 
direction in an elliptical orbit at the same frequency @. (Sec 
Fig. 7b.) The force components of the unbalance along the 
two axes are: 

F. = — mre cos (wl + 6 


\ FE, = — mre®* sin (wt + 6) 





+@ 
Unbalanced 
force 3 


(a) 


The components of the whirling velocity of the hub along the 
axes are: 
- — dw SIN wl 


V, = — bw cos wi 


In one revolution, therefore, the energy fed to the vibration 
by the rotating unbalance becomes: 


T 
Wo~x = mrwrd i cos (wl + 6) sin wl al + mrw'b [ sin (wl + @ 


cos wl dt mron [a b| sin 6 


the phase angle @ always will adjust itself at resonance 

to make the work input a maximum, so that for a>6 
Win mro*r [a — b 

a quantity which disappears for circular whirl and becomes 

the more pronounced the flatter the whirl is. 

The frequency of the moment induced in the propeller by 
such a reverse whirl vibration is two times propeller speed 
and, in maximum value, is proportional to the sum of the 
lengths of the axes of the whirl orbit. This can be shown as 
follows: 


In Fig. 7b, the components of horizontal and vertical acce] 
erations of the hub become: 


r= — de Cos wl 
vi 5 be” sin wl 


The moments induced in the blade shanks then become: 


=M = mr sin (wl! + @ [— ae” COS wl| — mr cos 


wt + @ 
[+ bw sin wl} 


a + b a i) 
— mr : sin (2 wf + 0) + sin 6 
‘ ») 


In the case of a torward elliptical whirl, the maximum mo 
ment is proportional to the difference in the lengths of the 
axes of the whirl orbit. 

It follows, therefore, in dealing with vibrations of this type, 
that the engine mounting structure should be kept as sym 
metrical as possible. 

In the radial engine, there exists a number of rotating un 
balanced forces or couples which can excite modes of vibration 
involving bending in the propeller shaft and blades and whirl 
ing or “wobble-plate” motions of the engine. In addition to 
these sources of excitation, the passage of blade tips past the 
fuselage on inboard installations in multiengined airplanes 
provides an additional series of exciting frequencies. 





+(wt +0) 


9 Fig. 7 — As shown at a, 
the engine and pro- 
peller follow the excit- 
ing force; the dia- 
gram, b, demonstrates 

the reverse whirl 
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Betore proceeding to a discussion of these exciting forces, 
it is interesting to examine the amplitude distribution in a 
mode which involves propeller-blade vibrations and engine 
motions. Fig. 8 shows the relative amplitude of various sta 
tions along the axis of a vibrating twin-row engine-propeller 
combination when suspended in shock cord and non-rotating. 
It is observed that there is a “node” in the engine near the 
rear bank of cylinders at which there is no translational 
motion of the engine and that the second node in the system 
occurs in the propeller shaft. As a result, the propeller hub 
motion is an angular oscillation about a point just behind the 
propeller hub. Because of the distributed mass and elasticity 
in the propeller blades, there are a number of natural fre 
quencies at which the system will vibrate with almost exactly 
the same type of engine motion but with different numbers ot 
nodes in the blades themselves. 

The effect of propeller rotation is to make the frequency ot 
blade vibration differ from that of the engine whirl by the 
frequency of rotation. If the direction of engine whirl is the 
same as that of propeller rotation, the propeller frequency will 
be one propeller speed less than the engine frequency and, 
conversely, the propeller frequency for a reverse engine whirl 
will be one propeller speed greater than the engine frequency. 
The stress waves in the several blades differ in time phase by 
one blade interval as illustrated in Fig. 2, which shows shank 
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Fig. 8—- Amplitude distribution in a vibratory mode involving 
engine whirl and propeller-shaft bending 


stresses at corresponding positions on each blade of a three 
bladed propeller. The vertical lines represent time intervals 
of o.o1 sec and the breaks in the upper trace correspond In 
tume to two revolutions of the engine. In this example, the 
engine is whirling in reverse crankshaft direction at a tre 
quency of 2), times engine speed and the reduction gear ratio 
is g/16. The propeller stress should then be 24% + 9/16 

3 1/16 times engine speed. It can be observed that, in two 
engine revolutions, the stress wave shows slightly more than 
6 cycles. To be exact, there are 49 cycles of stress occurring in 
16 engine revolutions. In this particular case, the stress wave 
is practically sinusoidal but, where a combination of crank 
shaft torsional modes and engine whirling modes exist, it 
often ts observed that the stress wave repeats itself only after 
the propeller and crankshaft have returned to their original 
orientation. In a 9/16 or 11/16 geared engine, this repetition 
only occurs every sixteen engine revolutions. 

Since the propeller hub motion is largely angular, it would 
be expected that the bending moment should be maximum at 
an angle to both the fore and aft and rotational directions. 
This condition is found in the example just mentioned. 
Fig. g shows a plot of stress in the cylindrical shank section 
as a function of angular position around the shank. The 
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Fig. 9? - Absolute v’bratory stress distribution around the shank 
of a blade during whirling vibration as shown in Fig. 8 


absolute magnitude of the vibratory stress is represented by 
the length of the radius vector and its angular position around 
the shank by the angle of the radius vector. 

In a radial engine, a residual unbalance torce or couple, 
which is effectively a rotating vector in the same direction as 
the crankshaft at twice crankshaft speed, is left after primary 
balance is obtained with counterweights. On the small twin 
row engine with a whirling node just aft of the rear bank, a 
rotating couple is effective only because of the difference in 
the motions of the two banks. With larger engines, this 
second-order whirl has begun to become troublesome, prob 
ably because of the larger exciting forces involved. 

In 14-cyl twin-row engines, experimenters have found a 
pronounced 2'-order engine whirl with all types of pro 
pellers and test clubs. Components of this 24%-order motion 
have been observed in all directions as well an angularly. The 
mode is usually a circular whirl which proceeds in reverse 
crankshaft direction. The amplitude distribution in various 
parts of the system is as shown in Fig. 8. Since all the un 
balanced forces trom rotating parts must be integral multiples 
of engine speed, other sources must be sought for this promi 
nent excitation. It is known that the reaction of the valves is 
effectively a rotating couple of the appropriate frequency. But 
further analysis of this possible exciting source indicates that 
its magnitude is too small to account for the exceedingly 
violent vibrations of this order which are found occasionally. 

This problem is being studied currently intensively, and it 
is probable that a satisfactory solution will be available in a 
reasonable length of time. 

Among other known sources of lateral disturbances are the 
secondary effects of centrifugally tuned dynamic dampers 
which introduce engine excitations at frequencies of damper 
tuning 1 engine speed and twice the damper frequency 

1 engine speed. The magnitude of the torces introduced in 
the first set of frequencies is equal to the engine torque har 
monic which it is desired to balance out divided by the radius 
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from the center of rotation to the point of application of the 
dynamic damper. In the case of a g-cyl engine of conven- 
tional design, this force may amount to 1500 |b. 

The passage of inboard propeller tips through the accel- 
erated-flow region near the fuselage provides a series of 
exciting frequencies at integral-multiples of tip frequency 
(that is, 3, 6, 9, .... times propeller speed for a three-bladed 
propeller). Whirling modes of the complete system can be 
excited by these forces and, if structural or geometrical asym- 
metries exist in the engine or its mount, the propeller stress 
frequencies resulting from these whirls may be any of the 
exciting frequencies plus or minus one propeller speed (that 
is, propeller stress frequency equals 2, 4, 5, 7, 8 times 
propeller speed for three blades). We thus have the apparent 
paradox of an exciting force producing a stress of a different 
frequency. As in all whirling modes, the stresses in the several 
blades are not in time phase. 


Vibrations Without Torsional Oscillation or Whirl 


In the case of propeller tip interference excitations, ““stand- 
ing wave vibrations” may be produced on the propeller disc. 
In these modes the propeller blades weave from ahead of the 
propeller plane to behind it at frequencies which are integral 
multiples of propeller speed. In the standing wave modes 
which are integral-multiples of tip interference frequencies 
(that is, 3, 6, and so on, times propeller speed for three 
blades), each blade, as it passes a given point, has the same 
elastic deformation as its predecessor. The blade vibrations 
are in time phase and may produce small fore-and-aft vibra- 
tions of the whole engine, the amplitudes of which depend 
upon the mode of vibration and the relative masses of the 
engine and propeller. 

Passengers on transport airplanes often have remarked 
about patterns of vibration waves on the propeller disc shown 
up by a low sun from the rear. These patterns are probably 
the result of such standing waves. 

If the flow through the propeller disc is angular, important 
bending stresses may be set up in the roots of the blades due 
to the variation in angle of attack as the blades sweep through 
one revolution. The stresses in the several blades are out of 
time phase and, if there are more than two blades in the pro- 
peller, they form a balanced-force system. The effect on the 
engine is only that of a steady force displaced from the pro- 
peller shaft so that no engine motion is produced. 


Factors Influencing Resonant Frequencies 


With the wide operating speed ranges now possible using 
controllable propellers, it is evident that one or more of the 
exciting forces or torques just mentioned will resonate with 
one or more of the natural frequencies of the complete system. 
Fig. 10 shows the stress distribution along the radius of a 
two-way 9-ft diameter controllable-pitch propeller running on 
a direct-drive 9-cyl engine. Strain gages were fastened at close 
intervals along the radius of the blade and stress measure- 
ments made over the complete operating speed range. At 
three different speeds within a normal operating range, stress 
maxima of importance were found, and the stress distribution 
at 1700 rpm is shown with three different modes of vibration 
excited by three different components of engine excitation. 
This condition is by no means unusual, in fact, it might be 
said that a “resonance peak” of a single frequency is the rare 
exception. 

In a survey of the vibration characteristics of a small 9-cyl 
engine, using eight different blade designs running the gamut 
from a wide, thick blade to a thin, narrow blade in four 
different lengths, it was found that a tip stress maximum 
which occurred at a frequency of 1.5 times the “crankshaft 
torsional resonance frequency,” considering the propeller as a 
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Fig. 10 — Stress distribution of several engine frequencies on a 
9-ft propeller running on a small 9-cyl direct-drive engine 


solid flywheel, did not vary more than 150 engine rpm from 
its original location. 


Since the blades represented such wide aerodynamic dif- 


ferences that they could not all be used on a given airplane, 


it is clear that propeller-blade design change is inadequate as 
a general method for solving vibration problems. 

In the modes. involving engine motions in space, the stiff- 
ness of the propeller shaft and its method of support has been 
found to be the most sensitive part of the vibratory system, 
and changes in this part of the engine of relatively small 
magnitude have been more effective in changing the fre 
quency of these whirling modes involving both the engine 
and the propeller than any amount of blade design variation. 
For a restricted range of propeller diameters with the resultant 
restriction upon aerodynamic characteristics, it is thus possible 
to shift an offending resonant whirling mode from one engine 
speed to another, within certain limitations. 

As a result of considerable experience, it has been found 
that the characteristics of the test stand upon which engine 
and propeller developments are made are very important in 
predicting the probable suitability of an engine-propeller com 
bination mounted on the finished airplane. Obviously, such 
effects as resonances of the complete mounting structure are 
vastly different between the ordinary test stand and the ordi- 
nary airplane. It is now becoming the general practice to 
suspend all engines from test stands by a flexible mounting 
which approximates as nearly as possible the finished airplane. 
However, in one important instance, after a wide series of 
tests on both test stand and a test airplane, an engine-propeller 
combination which appeared eminently satisfactory was found 
to have developed an unsatisfactory stress condition at take-off 
speed when mounted on a new design airplane with a very 
rigid nacelle structure. Although the primary modes of the 
engine suspension appeared to be of rather low frequency, it 
could only be concluded, after an intensive study had been 
made, that the coupling of the engine to the nacelle structure 
introduced a resonant condition which was absent in all pre 
viously tested applications. therefore, seems imperative 
that, in the development of the airplane design, the type of 
engine mounting be studied quite carefully and preferably in 
the form of an operating set-up including as much of the 
nacelle structure as possible in order to prevent a “last-minute” 
discovery of an unsatisfactory propeller stress condition. 


Damping 


It is well known that the aerodynamic damping in a pro- 
peller is a large source of damping for the complete vibratory 
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system. It has been felt, however, that internal hysteresis in 
a propeller may also be of importance. In order to investigate 
this possibility, a study was made utilizing the 9-ft diameter 
propeller, discussed in Fig. 10, and comparing the expected 
aerodynamic damping to the expected hysteresis damping, 
using various blade materials. In this case, it was concluded 
that, for a given stress condition in a material which dissi- 
pated 10% of its maximum strain energy per one-half cycle, 
the aerodynamic damping amounted to from five to six times 
the hysteresis damping obtainable. 

Fig. 11 shows the aerodynamic energy dissipation as a 
function of radius for the propeller. This curve represents the 
condition for a blade vibration involving two nodes per blade. 
It will be observed that nearly half of the energy is dissipated 
in the outer 7 in. of the blade beyond the outmost node. 

Any tip losses, such as compressibility or stall, seriously 
affect the aerodynamic damping. This effect is particularly 
important during take-off where, in order to obtain maximum 
thrust, it is often necessary to stall a part of the blade. The 
importance and magnitude of this stalled region as regards 
tip damping is a question which is far from clarified, and is 
one which should be investigated without delay. 

An undesirable aspect of hysteresis damping is that mate- 
rials which have high internal damping usually have a low 
shear modulus so that the thicker section necessary to escape 
flutter may result in a penalty in efficiency. 

It may be that the ultimately satisfactory engine-propeller 
combination will be one with no resonant modes in the take- 
off region, but which has the inevitable resonant points at 
speeds where the power supplied by the engine is lower and 
where the damping in flight is large. Because of its small 
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Fig. 11 - Damping energy distribution along a 9-ft propeller 
vibrating in the second symmetrical mode 
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Fig. 12—Tip stress on a 9-ft propeller blade operating on a 
9-cyl direct-drive radial engine having various dynamic 
dampers 


magnitude, however, hysteresis does not seem important even 
for the take-off condition. 


Present Methods of Solving Vibration Problems 


Because of the extreme complexity of vibratory systems and 
because of the unpredictable influence of changes to the 
engine-propeller system upon the vibration characteristics of 
the whole, it has been found necessary up to this time to 
measure the vibration stress characteristics of every proposed 
combination of engine and propeller before being applied to 
the airplane, and it now appears necessary that the combina- 
tion be checked afterward. 

In some of the cases in which undesirable propeller stresses 
were found associated with marked torsional crankshaft vibra- 
tion, a change in the existing dynamic damper or the intro- 
duction of a centrifugally tuned damper has resulted in a 
marked and satisfactory decrease in the propeller stress 
situation. 

Fig. 12 shows the effect upon the previously mentioned 9-ft 
propeller by the introduction of various dynamic dampers in 
the engine crankshaft. The engine in this case was a small 
single-row g-cyl direct-drive radial engine. It appeared that 
without any crankshaft damper the stress situation in the 
cruising range was unsatisfactory at any rpm. When two 
4'4-times dampers were put into the rear crank cheek of the 
engine, the stress at the 1700 rpm peak was greatly increased 
as a result of certain secondary torques introduced by the 
dampers themselves. This condition was highly unsatisfactory, 
and fortunately a routine stress measurement disclosed the 
dangerous condition before service trouble was experienced. 
The introduction of a gth-order damper in conjunction with 
a 4¥%-order damper already present was found to result in the 
eminently satisfactory condition shown in the lowest of the 
three curves. The service change in this case was simply that 
of replacing one of the 44% damper rollers with a gth-order 
roller. 

In another example, a detuned damper resulted in an un 
satisfactory stress condition which later was remedied by cor- 
rectly tuning the damper. The example in this case was a 
g-cyl geared radial engine. The effect of this damper change 
is shown in Fig. 13. 


In twin-row engines the lower-order inertia torques which 
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Fig. 13 — Effect of damper tuning on shank stresses of a pro- 
peller operating on a 9-cyl engine 


may be of considerable importance can be varied by changing 
the locations of the master rods with respect to each other. 
As seen in Table 2, the second order torque harmonic can be 
changed from 3172 lb-in. to 714 lb-in. by change in master- 
rod location from 180-deg relative angle to roo-deg relative 
angle. 

As an indication of the importance of the flexibility of the 
support of the propeller shaft in whirling modes, Fig. 14 
shows the results of a change in the stiffness of a propeller 
shaft support. In this case, the offending resonance at take-ofi 
speed was removed to a lower engine rpm where infrequent 
operation at considerably lower power is satisfactory. 

J. M. Tyler has utilized the usually undesirable tip inter- 
ference excitation from a propeller mounted near a fuselage 
to oppose in part the secondary engine unbalance excitation. 
He found that, in a 3:2 reduction gear, the tip impulses could 
be indexed by changing the location of the propeller on the 
shaft, so that they reduced the two-per-engine-revolution vi 
bration by as much as go%. 

In cases in which undesirable propeller stress conditions are 
found by measurements either on the finished airplane or on 
some service modification of existing combinations, it is fre- 
quently necessary to restrict the operation of the combination 


— 


Flexible mounted .._ 
propeller shaft 


+ Stress 


Standard 
mount 





Engine RPM —> 


Fig. 14— Effect of flexible propeller shaft mounting on pro- 
peller shank stresses 


in some part of its range until such time as a satisfactory solu- 
tion can be found. This wait may amount to considerable 
time in any cases where new problems of a sort unknown 
before are encountered. As engine powers increase and pro- 
peller sizes decrease due to high-speed requirements, it may be 
necessary to impose permanent operating restrictions as a 
result of vibratory conditions which cannot be eliminated by 
current design practice. In some cases, this restriction may 
amount to as much as a 250-rpm range. Although this is by 
no means a desirable sort of solution, it is nevertheless a pos 
sible one and may eventually have to be used more frequently. 


Future Trends 

As a result of rapidly growing experience, it seems that the 
only ultimately satisfactory solution to the propeller vibration 
stress problem lies in completely isolating the engine and the 
propeller from each other except through a torque transmit- 
ting coupling with such flexibility that alternating torques 
above the engine one-half order cannot be transmitted to the 
propeller. It is also very important that the propeller be 
isolated trom the engine as regards lateral disturbances as well 
as with respect to torque fluctuations. In the case of engines 
in the wing with extension drives to the propeller, this seems 
to be a practicable thing to do. In the case of radial engines, 
the present interest in extension nose drives offers space and 
constructional possibilities for accomplishing the same results. 
In the case of radial engines of conventional design, however, 
the difficulties of providing such isolation are very large. 

It is estimated that, if all vibratory excitations were removed 
from the propeller, the specific weight could be reduced to 
approximately 0.20 lb per hp. As an example of this point, 
stress measurements were made on a propeller operating at 
200% power and 100% speed rating on an electric whirl rig. 
The stresses in this case were found to reach only 15 or 20% 
of the allowable alternating value for the particular design 
and, if it had been possible to design the propellers for this 
alternating stress, a weight reduction of 0.13 lb per hp could 
be realized. 


Progress in In-Line Engines 


T is becoming increasingly evident that there is a need in 

American aviation which can be filled best by engines ot 
the in-line air-cooled type. Small frontal area, light weight, 
reliability, and smoothness are requirements for certain types 
of service that offer opportunities for more widespread accept 
ance of this type of engine and assure its continued develop 
ment. Considerable progress has been made in recent years in 
developing engines of greatly improved performance, ranging 
in ratings from 150 to 500 hp. 

Typical of the progress which has been made in the devel 
opment of the in-line air-cooled type of engine is that of the 
Ranger 6-cyl engine. This engine was first brought ‘out ten 
years ago, but has been under active development for a little 
more than half of that time. The horsepower output has been 
increased by exactly 50% in the last five years, whereas the 
weight has been reduced by an equivalent amount in pounds 
per horsepower. It is interesting to note that no change was 
needed in the finning on either heads or barrels to cool the 
higher horsepower output, and that the octane rating of the 
latest model is the same as it was five years ago. 


Excerpt from the paper: “Progress in the Development of 
In-Line Air-Cooled Engines,” by A. T. Gregory, chief engi 
neer, Ranger Engineering Corp., presented at the National 
Aircraft Production Meeting of the Soctety, Los Angeles, 
Calif., Oct. 6, 1939. 
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PASSENGER CARS PER 100,000 POPULATION 


(Jan. 1, 1939) 











, Wit 
ie almost every phase of automotive development — in pro 

portion to its numbers of people — the Pacific Coast is pre 
eminent. The seven states which lie West of the Rockies 
have more automobiles, more trucks, more miles of surfaced 
highways per capita than has the United States as a whole. 
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They use more gasoline per person, pay more automotive taxes | - 

per person — and have fewer persons per motor vehicle. Within cas 
their boundaries last year, something like 80% of all the dol 
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MILES OF SURFACED HIGHWAYS PER 100,000 POPULATION 


WEST 


With this background, it is natural that the eyes of the 


(1936) 





automotive world should be turning to the West oftener each 
year —turning to the West for markets, for design ideas, for 
production developments, for research results, for motor trans 
port expericnce data. 
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The charts of these two pages dramatize specifically just U.S. — 
a few of the automotive relationships between those seven 
fast-moving states West of the Rockies and the United States 


as a whole. 
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UST as the course of modern civilization has been ever 
J westward until halted by the eastern shore of the world’s 

greatest and most Pacific Ocean, so the 1939 World Auto- 
motive Engineering Congress of the SAE, with its generous 
attendance of foreign delegates — its liberal support from local 
sections, wound its way across the continent and concluded in 
a blaze of ideas, mingled with California’s blazing sunshine, 
on the shore of the Golden Gate. The San Francisco sessions 
comprised three picturesque, heart-warming, soul-stirring, in- 
spirational days. San Francisco’s fabled fog was melted away 
as though by magic and the visitors to Treasure Island, the 
Golden Gate, and the sessions in the Hotel Fairmont on Knob 
Hill, were treated to three days of Nature’s most kindly con- 
duct. 

Nor was all the warmth to be found in the sun, for the 
closing address of the session at the Thursday evening ban- 
quet, by Fred M. Zeder, vice-chairman of the board, Chrysler 
Corp., was literally “hotter than a firecracker.” Mr. Zeder 
stirred his hearers mightily with a vision of the part that en- 
gineers should be playing in our modern world. He strongly 
contrasted the parts played in our economic life by the engi- 
neer and the politician. Stressing the point that all wealth 
must be created before it can be divided, he pointed out that 
the engineers are the true creators of godds and services; that 
politicians are merely the parasites who live off the workers, 


Report and photographs of San Francisco Sessions are by Charles F. 
McReynolds. 





A stirring address by F. M. 
Zeder, vice-chairman of the 
board, Chrysler Corp. (left), 
closed the Congress in San Fran- 
cisco. 


G. L. Neely, SAE Northern Calj- 
fornia Section chairman (right), 
was toastmaster. Seated at the 
right is SAE President W. J. 
Davidson. 


Foreign delegates at the San 
Francisco dinner included those 
at Table 10 (below): Seated 
at the far side of the table (left 
to right) were: L. V. Migone, 
Argentina; Michel Roegiers, Bel- 
gium; Madame Migone; Capt. 
L. G. Callingham, England; 
Madame Roegiers; Sandro Sir- 
tori, Italy. At the near side: 
S. Akabane, Japan; H. Blok, 
Holland; A. G. Cattaneo, Shell 
Development Co.; J. Bia, Bel- 
gium; U. Morabito, Italian Con- 
sulate. 


too often primarily interested in ways to perpetuate their own 
selfish activities. “Therefore,” urged Mr. Zeder, “we engi- 
neers must have more to say about what part new ideas and 
developments are to play in life. All too often these politicians, 
these parasites, kidnap our brain-children and turn them to 
their own selfish interests.” 

Taking note of the kaleidoscopic changes of the modern 
world, Mr. Zeder said: “We face a life of change at an all too 
rapid pace —but physical laws are the same the world over, 
timeless and immutable, God-made, not man-made. Let the 
politicians pass their laws. We engineers deal with life's 
fundamentals, principles engineered by the One Great Engi- 
neer. Our mission is to create, to build, to make the world 
a happier place in which to live.” Then taking up the various 
fields of engineering he discussed in detail the work of the 
mechanical, electrical, civil, sanitary, and other engineers. 


“Forget War Talk” 

Referring to the current cloud of war talk he said: “We 
must forget war —the politicians’ alibi for failure - and work 
for fuller lives. Why worry about European war talk. Europe 
has averaged a major war every 19 years for centuries. Her 
periods of peace have averaged only seven years. She is run- 
ning right on schedule, so why worry?” 

G. L. Neely, chairman of the SAE Northern California 
Section, hosts to the San Francisco sessions, presided as toast- 
master at the banquet. Introducing John A. C. Warner, SAE 


Vol. 45, No. 1 





Stirring |S¢ 


At S: 


PS 
A 





essions Mark Congress Success 


San Francisco 


secretary and general manager, Mr. Neely paid tribute to this, 
“the greatest automotive engineering congress in history.” He 
then introduced Capt. L. G. Callingham, Royal Aero Club, 
London, England, who expressed appreciation on the part of 
all the foreign delegates for the warm reception given them 
throughout the various sessions. Striking the keynote of the 
meeting Capt. Callingham said that “more such meetings 
would mean less war.” 

The toastmaster then introduced W. J. Davidson, SAE presi- 
dent, who reminded his hearers that, as he was of Canadian 
birth, the international significance of this world engineering 
congress seemed particularly impressive to him. Reading a 
wire of greeting and regrets for his inability to be present, 
from Ralph R. Teetor, chairman, SAE Meetings Committee, 
Mr. Davidson paid tribute to the yeoman work done by Mr. 
Teetor in making the Congress such a great success. As did 
Fred Zeder in the talk which followed, Mr. Davidson urged 
that the world be taught to use the engineering approach to 
a solution of its problems so that they might be considered 
in the light of facts rather than of emotions. In striking the 
gavel for the close of the banquet, close of the session, and 
close of the 1939 SAE World Engineering Congress, Toast- 
master Neely reminded all in attendance that we were leaving 
the session with a strong sense of National and international 
good-will. 

Attendance Larger 


From the opening day ot the San Francisco sessions the 
success of the meetings was apparent. Considerably exceeding 
advance estimates, attendance at all sessions of the three-day 
meeting totaled more than 1300. And the papers presented 
at the meetings received not only an attentive audience in the 
auditorium but, in many cases, feature treatment in the local 
hewspapers. Such subjects as high-altitude flying, giant trans 
oceanic airplanes, and the rapid application of diesel engines 
to transportation problems caught the public fancy. For those 
in attendance at the sessions, the treatment of fuel-and-lubri- 
cant engineering was at least as fascinating, and some lively 
impromptu debating resulted. So active were the discussions 
that on several occasions it was necessary for the chairman to 
cut them short and arrange for luncheon groups to meet out- 
side and extend the debate at meal-time. New discoveries in 
connection with cylinder-bore, crankshaft, and piston-ring 
wear came in for very close attention. It is obvious that, just 
as in the feld of fuels and lubricants, we are in an era of 
intensive chemistry, additives, and synthetic products, so in 
the field of engine metallurgy we are going far beyond the 
old single-material standard and are rapidly adopting special 
ized coatings and surface treatments to achieve properties 
that the metal alone could never give us. 

Visits to the San Francisco Fair on Treasure Island, and 
sightseeing in general, were conducted on an informal basis. 
For the wives in attendance a number of special tours to points 
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of interest were arranged, under the direction of Mrs. G. L. 
Neely, who was hostess to the Congress ladies. 

Active among the many Northern California Section mem 
bers who were hosts to the Congress were Section Secretary 
W. S. Crowell, Treasurer R. A. Watson, Howard Baxter, 
S. B. Shaw, Col. E. C. Wood, and S. L. Boukard. 


Public Utility Session 


Tuesday morning, June 6 


H. W. Drake, general chaiman 
S. B. Shaw, technical chairman 


As the Public Utility Session opened the San Francisco 
meeting, an address of welcome to the visiting delegates was 
presented by G. L. Neely, chairman of the SAE Northern 
California Section. 

Widely varying conditions of operation and maintenance of 
public-utility fleets were considered by the two authors who 
presented papers at this session. Considerable stress was laid 
on the dependence of the engineer on the personal element in 
connection with fleet operation and maintenance. Therefore 
it was considered essential to study the individual operators, 
and maintenance personnel, from an engineering standpoint, 
and so to develop a formula, or formulas, which would take 
the human element into consideration and still make it pos 
sible to reduce fleet operation and maintenance to a mathe 
matical basis. Many items of operation and maintenance were 
considered in detail, such as 4-ply vs. 6-ply tires, use of oil 
cleaners and oil-temperature regulators, crankcase-oil analysis, 
dynamometer testing, and so on. 


Los Angeles 


HEN the Santa Fe “Super Chief” reached 

Los Angeles, the Congress party was wel- 
comed by a reception committee of the SAE 
Southern California Section. There the group 
was entertained with sightseeing tours before 
going on to Bakersfield by bus to board the 
streamliner “Golden Gate” on which was com- 
pleted the final leg of the transcontinental 
journey to San Francisco. e 


Prior to reaching Los Angeles several mem- 
bers of the party disembarked at San Bernar- 
dino to inspect the new laboratory of the Ethyl 
Gasoline Corp. 
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Fleet Operation of Small Passenger Cars and 1%2- 
Ton Trucks—-H. O. MATHEWS, Public Utility 
Engineering & Service Corp. (Presented by Leon- 
ard V. Newton, Market Street Railway Co.) 


OST of the transportation accounting systems which I have seen 

do not reflect the cost of company-owned garages,” remarked 
Mr. Mathews. “If they did, many companies might soon arrange to dis- 
pose of the garage and completely change their garaging routine.” Other 
operating problems covered in his paper are those of personnel require- 
ments, driver training, tire and repair maintenance, painting, and pur- 
chasing practices. 

Discussing personnel requirements for the maintenance of these small 
vehicles, he said: “Experience indicates that one man can maintain, ser- 
vice, wash, grease, and oil about 15 vehicles averaging about 1000 to 
1500 miles per vehicle per month, assuming that all of the cars are in 
the garage every night and that no inspection trips are necessary.” 

In a review of actual operating costs from several fleets he showed that 
the depression was instrumental in producing the lowest operating costs, 
and that increased labor rates and material costs, as well as increases in 
the prices of vehicles, have contributed to the increases since 1933. He 
indicated, however, that these increases have been kept to a minimum by 
good fleet management. 

Fleet records also show that 6-ply tires are more economical than 4-ply 
tires on passenger cars, as they increase mileage about 25% for an 18% 
increase in cost, he reported. 

Commenting on present and future economy models, Mr. Mathews 
expressed his belief that economy is proportional to the weight regardless 
of the design, and listed four demands of the operators for future econ- 
omy: 1. reduced vehicle weight; 2. reduced engine size keeping the 
horsepower versus weight ratio high enough for good engine efficiency; 
3. improved carburetion; and 4. improved ignition. 


ce 


Discussion 


Two novel features popped up when discussion was called 
for. William H. Brown, president of the Automotive Council 
of Los Angeles, first demonstrated his baffling ability as an 
amateur magician, and then presented the second novelty, 
prepared discussion in the form of spoken transcriptions. Thus 
it was possible to hear the voices of a number of men who 
could not be present, and to present their prepared discussion 
in their own words. This feature proved quite popular, and 
resulted in a session with no “flat spots,” since debate from 
the floor finally had to be restricted. Speaking by means of 
a transcription, and despite a broken neck which has been 
some months healing, P. H. Ducker, Southern California Edi- 
son Co., was generally in agreement with the author, but 
urged that the Department of Public Relations be given a 
greater part in fixing purchasing policies. The trend to smaller 
vehicles, Mr. Ducker feels, is well established and he urged 
operators to insist that manufacturers rate their vehicles on 
a gross-weight basis. 

Bids should be considered on comparable models of vehicles 
with comparable equipment, thinks T. C. Smith, American 
Telephone and Telegraph Co., whose discussion was also 
recorded. He believes that the cheapest buy is not always the 
best, and hopes to see leak-proof inner tubes adopted. Econ- 
omy, he contended, can be overdone to the point of jeopard- 
izing safety and public good will. 

“How many vehicles can one man maintain?” asked Capt. 
O. A. Axelson, Columbia Gas & Electric Corp., in prepared 
discussion read by the Chairman. He answered this ques- 
tion with: “I don’t know what the correct number should be, 
but I do think we can, through engineering analysis, arrive at 
a better answer than we now have.” Economic life does not 
depend upon geography, said Capt. Axelson, but upon the 
operating and maintenance policies of the transportation de- 
partment heads. The gadget of yesterday is the accessory of 
today, and the built-in unit of tomorrow. Preventive main- 
tenance is the solution to mechanical troubles, but we cannot 
afford an elaborate inspection system. “Let us work out 
standards for maintenance just as standards have been worked 
out for production,” he urged. 

Public-utility fleet transportation does not follow the trans- 
portation axiom of “the larger the unit, the cheaper the haul- 
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age cost per ton,” reported Clinton Brettell, consulting trans. 
portation engineer, in a discussion read by the Chairman. 
This condition, he explained, is probably due to the specialized 
nature of the utility transportation problem of moving a few 
employees and tools to widely scattered points instead of mov- 
ing a single commodity from one point to another. If records 
are to be kept at all, he averred, they must be 100% accurate 
and immediately available for the automotive department to 
use. Purchasing should be handled on a basis of requirements 
and specifications rather than low price alone, Mr. Brettell 
concluded. 

Economical vehicle life must be treated individually from 
some common basis, in the opinion of R. M. Cregar, Public 
Service Electric & Gas Co., as life may vary from 45,000 to 
125,000 miles, with the low-mileage vehicle usually the most 
troublesome and expensive to operate. A carefully developed 
preventive maintenance program, he reported, has eliminated 
almost 100% of road failures. 

Driver training must be based on safety and public good 
will, pointed out J. R. North, Commonwealth & Southern 
Corp., who reported on a five-point driver-training program in 
which factors of good driving are stressed, rather than a series 
of “don’ts.” He found that vehicles per mechanic for his 
firm averaged 25, vehicles per greaser and washer averaged 50, 
and vehicles per total maintenance crew, 17 per man. Cost 
of inspection is reduced, he explained, by combining it with 
the greasing operation. 

J. F. Winchester, Standard Oil Co. of N. J., took issue 
with Mr. Mathews on “gadgets,” at least with respect to 
upper cylinder lubrication, which he favored. The modern 
coupe, he pointed out, with its generous storage space, is an 
ideal service car, economical to operate, and of high resale 
value. 

Replacement factors are so involved that Austin M. Wolf, 
consulting engineer, feels that the first ring replacement should 
not be accepted as the turning-in time on a truck. He called 
attention to the paradox with fleet vehicles of extreme accuracy 
in production and much haphazard guessing and carelessness 
in service. We need an ideal transmission, he said, and lack- 
ing that, we should have sufficient power to avoid costly gear 
shifting and operation in a lower gear than should be neces- 
sary. He found hope for improved economy in the new 
light-weight cars being introduced. 

Technical Chairman S. B. Shaw contributed to the discus- 
sion with ten points including: It is desirable to own garages, 
not rent. The transportation department should specify, pur- 
chasing department procure. Economical life should be treated 
by individual vehicles, a change of assignment often lengthens 
economical life. Gadgets should be considered, though skep- 
tically. Six-ply tires give better economy than four-ply. Tire 
records are limited to test cars. Cost trends have been steadily 
downward since 1923 except for a slight increase in 1937. 
More “economy” cars of light weight and moderate engine 
power are desired. 


Engineered Automotive Operation and Mainte- 
nance — ROBERT E. ROWLEY, Los Angeles De- 
partment of Water and Power. 


HE operating engineer in charge of fleet maintenance today faces new 
standards of service, safety, and economics which require new concep- 
tions of maintenance, the author challenged. 

Streamlined statistical accounting was represented as a_ functional 
fundamental necessary to modern fleet management. The grouping of 
time-tested maintenance methods into standardized procedure furnishes 
an economical means of guaranteeing optimum road performance, he 
pointed out. The groups discussed were dynamometer testing, advanced 
tune-up procedure, motor purge, motor reconditioning in the chassis, 
parts reclaiming with metal spray and magnaflux, tire control, and brake 
reconditioning. 

Protective measures that pay dividends mentioned by Mr. Rowley, 
include chassis selection, the balancing of equipment with desired per- 
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formance and economy. Thermostats and oil temperature regulators wer« 


claimed to be necessities. Added trouble-free miles are obtained through 
the study of crankcase-oil analysis, he said. 

Many more items of engineered maintenance, used to advantage in 
many of the Pacific Coast fleets from which the experience and _back- 
ground for his paper were obtained, were suggested by Mr. Rowley. 


Discussion 

The radiophonograph went into action again opening the 
discussion of Mr. Rowley’s paper with an excellently planned 
and “canned” talk by William J. Cumming, Surface Transpor 
tation Corp. of N. Y., who did not agree with Mr. Rowley’s 
statement that the automotive and lubricant fields are well 
ahead of maintenance engineering. He feels that much auto 
motive design progress has been forced by the work of main 
tenance engineers in uncovering faults, and by their insistence 
that new features be incorporated in design, and he urged 
that this trend continue in order that automotive design may 
progress under healthy pressure from the field. 

A vigorous driver-training program has drastically reduced 
accidents suffered by his fleet, reported W. W. Churchill, 
Washington Motor Coach Co., Seattle, who outlined the re 
sults of a training program and accident investigation board 
organized in 1936. 
ages as follows: 


Results were apparent from yearly aver 


1936 — miles per accident 30,043 
1937 — miles per accident 34,457 
1938 — miles per accident 73,652 


1939 — miles per accident 118,696 (first four months only, 
but covering severe win 
ter conditions ) 

Too much emphasis cannot be placed on efficient motor 
tune-up at frequent intervals, Mr. Churchill averred. He 
reported light ignition cables and electric wiring as the major 
source of trouble. His firm has found SAE 50 motor oil an 
ideal lubricant for transmissions on their special rear-engin« 
coaches. 

Greater study of the human element is the most important 
factor in maintenance engineering, according to H. W. Drake, 
Pacific Highway Transport. 

The importance of acceptance tests was stressed by Wilbur 
G. Perriguey, Faber Laboratories, Inc., who reported some 
astonishing cases of faults and maladjustments in new equip- 
ment, upon delivery. A check of an entire fleet of 15 cab-over 
engine trucks after 500 miles of operation, he said, showed 
them to have been delivered equipped with the wrong size 
jets, resulting in abnormally poor combustion. In this case 
the situation was remedied before harm resulted, he explained, 
then outlined a similar situation in which 43 trucks were 
operated an average of 3000 to 5000 miles before it was found 
that they were running on wrong jets. As a result the average 
re-ring period for the group was only 6000 miles. Control of 
crankcase oil temperatures also was stressed as the result of 
extensive tests in which it had been demonstrated that all 
engine lubricating oils become corrosive at elevated tempera- 
tures. No correlation whatever was found between corrosive 
action and length of time the oil had been in use. Accelerated 
wear appears inseparably associated with engine operating 
temperatures below 140 F, he concluded, resulting in water 
condensation which has a most destructive action. 

Taking exception to Mr. Rowley’s arguments in favor of 
solvents for “purging” engines of gum and sludge, Lloyd H. 
Mulit, Standard Oil Co. of Calif., reported that experiments 
conducted by his company have indicated that solvents often 
do more harm than good, removing deposits from the com 
bustion chamber and depositing them in the ring belt or on 
the piston skirt. Also, he contended, purging compounds are 
likely to choke oil cleaners with sludge and varnish which is 
sometimes unnoticed due to its relatively transparent appear- 
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ance. In many cases, he continued, purging is no solution to 
badly gummed parts, and it is necessary to disassemble the 
engine and install new parts. In the field of diesel lubricants 
he reported that oils have been developed which have the 
ability of almost completely preventing deposition of lacquers 
and carbonaceous deposits on pistons of hot-running engines, 
adding that the same properties may be used to purge dirty 
engines. Compounded lubricating oils, properly selected and 
used, he revealed, are considered generally safer and more 
effective than “purging” with solvents. 

J. V. Savage, City of Portland, rendered high praise to Mr. 
Rowley’s paper, but feels that the author had been too modest 
in not crediting the maintenance engineer with being a “spe 
cialist” in his line. Not only is the maintenance engineer a 
specialist, he emphasized, but it is desirable that he should 
specialize the work and the workers under him so that Ford 
men may work on Ford cars, diesel men on diesel engines, 
and so on. This is no more than sound horse sense, he con 
tinued, yet many organizations expect a “mechanic” to tackle 
satisfactorily any kind of a service or repair job. Much can 
be done to reduce maintenance costs through finding ways of 
getting drivers and mechanics to cooperate with each other, 
Mr. Savage believes, rather than to quarrel over blame for 
failures. This discusser also urged greater attention to ac 
ceptance tests at time of purchase of new vehicles. Even 
granting that equipment leaves the assembly line 100% per- 
fect, he pointed out, much can happen to it en route to final 
delivery, and in connection with final servicing. 


Transportation and 
Maintenance Session | 


Tuesday afternoon, June 6 


J. V. Savage, general chairman 
E. W. Templin, technical chairman 


Two papers ot widely different type were presented at the 
‘Transportation and Maintenance Session. The wide influ- 
ence of the motor truck on upbuilding industry and con- 
tributing to all modern life was extolled in one paper. The 
many detailed problems of engine bearings of various types 
were discussed from design to maintenance in the other. The 
increasing role of the truck in modern commerce was high 
lighted by quoting statistics to show that, in less than 20 
years the delivery of livestock by truck at 17 large public 
stock yards has grown from almost nothing to 71% of all 
hogs received, 67°% of the calves, 56% of the cattle, and 
30% of the sheep and lambs. Progress of another sort is 
demonstrated by a decrease of 15% in fatal accidents per 
10,000 trucks, for the period 1927 to 1937, whereas passenger 
cars have shown an increase of 47% over the same years. On 
the side of engine bearings the outstanding thought was that 
too much stress has been placed on the metallurgical side of 
the problem, too little on proper engineering collaboration, 
with the result that existing bearing materials are not being 
exploited to the natural limits of their possibilities. 


Truck Factors in Upbuilding Industry and Com- 
merce — NORMAN G. SHIDLE, executive editor. 
SAE Journal. (Presented by A. K. Brumbaugh, 
Knuckey Truck Co.) 


‘ergy progress for motor truck transport in the United States, 
Mr. Shidle urged, rests upon its continued willingness to abide by the 
dictum that public benefit and interest be the sole basis upon which its 
service possibilities be judged. Like other new industries, that is all it has 
asked in the past—and today it embodies all the elements necessary for 
continued growth on the same basis, without courting the dangers of 
special privileges now that it is in its period of maturity. 

Mentioning the big part played by the motor truck in building our 
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400,000 miles of surfaced highways, Mr. Shidle cited many other in 
stances in which motor transport’s service to industry and commerce had 
been self-nourishing. It helped to open new oil fields — and new oil fields 
belped to increase truck use; it uses vast quantities of petroleum products 
and plays a vital part in their distribution; it uses nickel-alloy steels in 
truck construction and participates in digging nickel out of the ground. 

Mr. Shidle recited the feats of practical service pertormed by trucks in 
times of national catastrophe and emergency and pointed specifically to 
the changes that motor transport has brought in many phases of agricul- 
ture. Proving the truck to be a major factor in livestock transportation, 
he said that today 30% of the sheep and lambs, 56% of the cattle, 67% 
of the calves and 71% of the hogs received at 17 of the large public stock 
yards are now delivered by truck, while in 1920 truck deliveries to thes« 
same markets were almost nothing. 

Concluding, Mr. Shidle outlined the economic advantages derived from 
improvements in the design of trucks themselves and stressed the fact that 
the truck driver is far ahead of the passenger car operator from a safety 
standpoint. “During the ten years between 1927 and 1937,” he stated, 
“there was a decrease of 15% in the number of fatal accidents per 10,000 
uucks — and an increase of 47% per 10,000 for passenger cars.” 


Discussion 

In presenting Mr. Shidle’s paper, A. K. Brumbaugh first 
paid high tribute to the part that Mr. Shidle has played 
fostering development and application of the motor truck to 
modern transportation. 
highlight fashion, rather 

We may visualize a future time, according to discussion by 
Austin M. Wolf, consulting engineer, presented by Fred C. 
Patton, when planes may outstrip passenger cars as a means 
of personal transportation, and when television may reduce 
the field of usefulness of the passenger car through making 
it unnecessary for an individual to be present at a given place 
im order to witness events occurring there. Neither of these 
developments, he added, can hope to supplant the motor truck 
with its universal door-to-door hauling of fundamental com 
modities. Mr. Wolf deplored the tendency of buyers to dic 
tate design according to their individual whims, and of manu- 
facturers to succumb to this unhealthy condition. 

On the other hand the number of different types of trucks 
manufactured is presented too modestly by Mr. Shidle, accord- 
ing to discussion prepared by W. B. Hurley, Detroit Edison 
Co., and read by Carl Abell, Ethyl Gasoline Corp. According 
to his compilation one manufacturer alone offers over 2000 
distinct standard combinations of capacity, wheelbase, body 
types, tire sizes, axle ratios, and so on, with types specifically 
designed to meet the needs of over 8o different industries 
and vocations. In addition, he showed that this manufacturer 
has a special equipment division for manufacture of custom- 
built units, which frequently develop into stock items. Mr. 
Hurley believes that trucks could prove the salvation of the 
railroads if used properly to develop door-to-door pickup and 
delivery service in conjunction with long rail hauls. 

A jarring and thought-provoking note was struck by E. O. 
Sawyer, Jr., Western Motor Transport, who plunged into a 
frank discussion of the politics of highway — with its 
threatened control by the rail interests. Mr. Sawyer outlined 
the harm that is being done in numerous specific instances 
through creation of a monopoly of transport in circumstances 
where a rail carrier also controls highway carriers in a given 
territory. The small operator, he contended, is at the mercy of 
the politicians. Despite the numerous advantages of highway 
transport over rail, in certain instances, the movement of 
freight by highway will be greatly retarded, he believes, unless 
all interested engineers throw the weight of their influence 
into the scales to prevent railroad domination of this field. 

Truck transportation is an industry of itself, agreed T. 
Preble, Tide Water Associated Oil Co., in a recorded discus- 
sion introduced by the ubiquitous magician, William H. 
Brown, who picked a glassful of half dollars out of the air 
while the transcription apparatus was being set up. Blind 
spot of the truck industry, he feels, is the failure to develop a 


The pap:r itself was presented in 
than word-for-word. 
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meeting of minds between truck seilers and truck users on a 
technical rather than a price basis, resulting in vehicles im 
properly loaded or overloaded, poorly braked, undertired, and 
soon. An engineering approach to the task of truck selection 
was named as the answer. Another crying need that must be 
faced, he pointed out, is the lack of uniform state laws affect 
ing trucks. He urged that engineering criteria be set up as a 
base for enactment of such uniform laws, in order to regulate 
properly tire loading, brakes, speeds of operation, lights, driver 
facilities, and so on. 


Engine Bearings-— From Design to Maintenance —- 


ALBERT B. WILLI, Federal-Mogul Corp. 


N spite of important improvements in the useful life of internal-com 

bustion engine main and connecting-rod bearings, further advances are 
required, Mr. Willi contended. The obvious approach to improvement is 
the determination of causes of failure, he said. 

Six major causes of bearing failures were catalogued, 
matters of engineering and design, procurement practices, misuse and 
abuse in operation, faulty installations, unsuitable lubricants, and mechan 
ical faults in the bearings themselves. 


which included 


Although there are four general types of bearing materials in common 
use today for main and rod bearings —tin-base babbitts, high-lead bab 
bitts, cadmium alloys, and copper-lead mixtures, the author showed that 
not one of them is a universal bearing material — each has its own par 
ticular field of usefulness, and these fields are defined in terms of maxi 
mum unit pressure, Znv/P, Pt and crankshaft 


, oil-reservoir temperature, 
hardness. 


The fact that a given bearing design falls within a certain field is not a 
positive guarantee of a successful installation, he pointed out, but it ap 
pears to be a reasonable 


guarantee that a satisfactory installation can be 
obtained. 


Design factors that react against indicated satisfactory performance 
were considered, including strength and stiffness of the bearing structure, 
oil flow to the rod bearing, restrictions in feed grooves, oil clearance, and 
so on. Standards of design pertaining to these points were set up. 

These standards are based on a comprehensive study of more than 20: 
different engines of all types, from slow-speed gas engines to high-speed 
gasoline types and diesels, Mr. Willi announced — on their record of bear 
ing performance in the field and on the design specifications, which are 
likely to be responsible for that record. 

The need for, and the advantages to be gained by, more comprehensive 
bearing purchase specifications were discussed. 

Identification of failure, due to misuse and abuse 
illustration of typical examples. 


, was treated largely by 


That possibly the search for bearing improvement has been considered 
more of a problem for the metallurgist and chemist without sufficient 
engineering collaboration, with the result that existing bearing materials 
are not being exploited to the natural limits of their possibilities, was Mr. 
Willi’s final thought. 


Discussion 

The tireless phonograph again led the discussion with 
presentation of a recording by E. A. Haskins, Hercules Motors 
Corp. “poured” or “spun” 
which he accused Mr. Willi of neglecting in his 
presentation, Mr. Haskins made strong claims in behalf of 
this type of bearing, especially as to its feature of bonding the 
bearing metal directly to the cap, as well as improved heat 
conductivity and better control of clearances. As cost factors 
ate reduced, he expressed the hope that there will be a great 
increase in the number of poured bearings using alloys con 
taining cadmium and copper lead. 


Championing the 


bearing con 
struction, 


Damage to bearings fre 
quently can result from rotating the engine 


at high speed 
when not under load, he pointed out. 


Oil refiners admit, he 
explained, that beyond 250 F an increase of 20 F in oil tem 
perature will double the speed of certain harmful chemical 
reactions, shortening tin-base babbitt metal life and increasing 
the probability of corrosion attack on the harder alloy bear- 
ings. Thin oils are more likely to develop corrosive elements, 
he said, and are more susceptible to water formation during 
periods of low temperature operation. In conclusion, the 


speaker asked Mr. Willi to discuss the value as a bearing sur 
the center portion of the bearing which is usually 
removed to provide an oil groove, showing that it was a par- 
ticularly important feature on relatively narrow bearings. 
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Further questions were popped at Mr. Willi by C. G. A. 
Rosen, Caterpillar Tractor Co., who wanted to know the 
place of aluminum-tin alloys in high-speed bearings, and also 
whether the hydrostatic pressure of oil in the bearing does 
not accelerate breakdown of the bearing through its action 
on the fine cracks which often develop early in a bearing’s 
life. Temperature concentrations in bearings are very harm 
ful, said Mr. Rosen, and sump temperature readings are often 
misleading as to true temperature conditions, due to varying 
oil circulation. He has found about 180 F to be the average 
maximum tin-base bearing temperature. Since connecting-rod 
temperatures are always higher at the top than at the bottom, 
he explained, heat is flowing down into the big end bearing, 
rather than away from it. 

A textbook of bearing failure problems was the opinion ot 
Mr. Willi’s paper expressed by Dr. U. B. Bray, Union Oil 
Co. of Calit. He reported that the lubricant corrosion prob 
lem is largely a matter of selecting the proper crude oils, 
as solvent treatment of certain crudes will not materially affect 
corrosive action in either direction. 

Precision bearing shells are here to stay in spite of their 
disadvantages, in the opinion of L. V. Frisch, Shell Oil Co. 
He has found that many out-of-round problems with precision 
shells are the result of fitting them in out-of-round caps. In 
no case did he believe that oil sump temperature should be 
permitted to exceed 200 F. He discussed two lines of approach 
to the bearing temperature problem: 1. Increased flow of oil 
through the bearing. 2. Reduction of temperature of the oil. 
In his experience the latter method is the only one that is 
satisfactory and he expects to see oil coolers developed. These 
coolers will, in turn, permit use of lighter grade oils, he ex 
plained. 

L. J. Grunder, Richfield Oil Corp., asked Mr. Willi to define 
more exactly what constitutes corrosion failure of a cadmium 
alloy bearing. 


It was Mr. Willi’s opinion that, once a cadmium-alloy bear 
ing has attained a uniform characteristic black color, it is 
He agreed with Mr. Haskins that direct babbitted 
rods are desirable, but pointed out that the new high-duty 
alloys are hard to apply in this way, and the use of a separate 
back foundation shell is the best method of bearing construc 
tion currently known. 


finished. 


Something New 


W. H. Brown, president, 
Automotive Council of 
Los Angeles, did a new 
job in a new way at San 
Francisco Transportation 
and Maintenance Ses- 
sions. For the first time 
in SAE history, discussion 
of papers from absent 
members was presented 
by means of voice record- 
ings on phonograph rec- 
ords. 


E. W. Templin, chair- 
man-elect of the South- 
ern California Section, 
was responsible for sug- 
gesting and developing 
the use of these voice- 
recorded discussions. 


Mr. Brown presented 
the recordings, and in- 
jected magic and sleight- 
of-hand as an interesting 
part of his presentation 
technique. 
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Airerait Sessions 
Tuesday evening, June 6 
T. P. Wright, chaitman 
Wednesday evening, June 7 


Cc. M. Young, general chairman 
Arthur Nutt, technical chairman 


That the two Aircraft Sessions were probably the best at 
tended of the San Francisco meeting is explained by the heavy 
concentration of aviation activity in California. Many leading 
engineers came up from the Southern California area to attend 
the sessions. The first session, addressed by D. W. Tomlin 
son, Transcontinental & Western Air, Inc., moved through the 
fascinating subject of high-altitude flying into a consideration 
of current military aircraft manufacturing programs in this 
Country and abroad, with special attention to the remarkable 
strides made in Germany. Of equal interest was the second 
Aircraft Session, at which an exhaustive comparison of cost 
factors applicable to the giant Douglas DC-4 was made by 
way of comparison with earlier and smaller Douglas planes. 
E. C. Wells’ discussion of “Giant Transoceanic Seaplanes” 
caught the imagination largely through the casual manner in 
which he passed over the present great Boeing 314 flying boats, 
world’s largest commercial aircraft, and delved into the factors 
which have determined preliminary design of a projected 100 
passenger flying boat with its cocktail bar, 37-seat restaurant, 
de luxe cabins with individual lavatories, and so on. 


High-Altitude Flying Observations -—D. W. 
LINSON, Transcontinental & Western 


R' VOLUTIONARY 


methods will 


TOM- 
Air, Ine. 


powerplants and 
before the dream of passenger trans- 
ports flying through the stratosphere can come true, Mr. Tomlinson con- 
tended, as the “top economical limit with our present knowledge appears 
to be 20,000 ft.” 

Speaking of more immediate developments in high-altitude flying, he 
predicted that 1939 will see the level of air-transport cruising operation 
raised to between 16,000 to 20,000 ft. The pressure cabin and cockpit, he 
said, will be equipped to maintain 8000-ft pressure at the lower level and 
12,000-ft pressure at 20,000 ft, which upper level will be used in an 
emergency. Operation at these levels is economically sound, he insisted; 
supercharging is accomplished with two-speed impellers; the fuselage 
weight has not been increased as the normal structure is merely sealed. 
These factors, he explained, do not greatly increase the first cost of the 
airplane, whereas the cost of building an airplane to operate at 30,000 ft 
or above easily could be increased by that of an airplane to 
Above 20,000 ft, he said, costs begin to mount 
rapidly due to the necessity for elaborate engine and cabin supercharging 


improvements in 


propulsive 
have to come 


50% over 


operate at 20,000 ft. 


plants, special airplane structure, special propellers, and complication of 
other items which are not critical at lower levels. 

High-altitude flying observations reported by Mr. Tomlinson included 
those in a Douglas DC-1 and Northrup Gamma. His discussion included 
descriptions of supercharging methods, oxygen systems, fuel-supply meth- 
ods, powerplant operation, overweather, and methods of measuring speeds 
at altitude. 


Discussion 


Sunday supplement stories of fantastic high-altitude flying 
have, for many years, deceived large portions of the general 
public into thinking that flying at undreamed of heights is 
just around the corner, said Mr. Tomlinson in a preface to 
his paper. He commented that we now have a more sane 
view of high-altitude flying, know what to look for and what 
to expect, and will not consider flying commercially at altitudes 
over 20,000 [t for many years to come. 

Mr. Tomlinson touched on so many phases of high-altitude 
flying that the questions flew thick and fast as soon as he had 
concluded his presentation. 

What has been done about loss of radio communication 
while flying through clouds? asked C. E. Stryker, Bendix 
Aviation, Ltd. In answer, Mr. Tomlinson credited the shielded 
loop antenna with banishment of cloud static. 
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How severe is icing at high altitudes? was the query of 
Prof. Elliott G. Reid, Stanford University. Mr. Tomlinson 
assured him that he had never encountered icing at any time 
at altitudes above 20,000 ft. 

William Rockefeller, Vultee Aircraft, a recognized weather 
authority, discussed at some length the equipment problem of 
the airlines that do high-altitude flying. Because the westerly 
component of winds always increases as we extend operations 
upward, Mr. Rockefeller predicted that future transports will 
have to be designed for universal service, flying eastbound at 
high altitudes with favoring tail winds, and westbound at low 
altitudes to escape headwinds. 

Someone in the audience wanted to know if the turbo- 
supercharger is, in all cases, superior to the mechanically 
driven supercharger for high-altitude work, whether a good 
turbo-supercharger has now been developed, and whether 
upper air supercharging is to greater pressures than normal 
atmosphere at sea level. Mr. Tomlinson informed his hearers 
that the turbo-supercharger is the most nearly ideal for upper- 
air flying, but that it is still too unreliable for satisfactory use. 
Perhaps a cooling system to keep the vanes operating in the 
exhaust gases within proper working temperature will solve 
the problem of failure, he suggested. High-altitude super- 
charging, he explained, is carried only to the point of pro- 
viding the proper mixture ratio for normal cruising power, 
somewhat under sea level pressures. 

Arthur Nutt, Wright Aeronautical Corp., rose to speak a 
word in behalf of the turbo type supercharger, saying that its 
reliability is improving rapidly and progress continues. 

Mr. Tomlinson was asked the effect of sudden loss of pres- 
sure in a supercharged cabin on those flying at high altitudes. 
The reply was that extensive experiments have shown no ill 
effect whatever, although it is necessary to descend promptly to 
lower levels. Mr. Rockefeller contributed that such sudden 
changes of pressures are good for colds. 

At this point G. L. Neely, Standard Oil Co. of Calif., asked 
Mr. Tomlinson for his comparison of European and American 
aviation. In reply, Mr. Tomlinson gave his opinion that 
America is still far ahead of the rest of the world in design 
and manufacture of commercial planes, but falling rapidly 
behind in military flying equipment. He regaled his hearers 
with colorful tales of the aerial might of Germany, and the 
great strides being made there in further development of mili- 
tary aircraft. Confirmation of Mr. Tomlinson’s opinion of 
European strength in military aircraft was given by F. R. 
Banks, Associated Ethyl Co., Ltd. Chairman T. P. Wright, 
Curtiss-Wright Corp., suggested that England is now rapidly 
narrowing the gap in air power between herself and Germany. 


Some Factors Affecting the Cost of Manufacture 
and Operation of Large Airplanes -ARTHUR E. 
RAYMOND, Douglas Aircraft Co., Inc. 


O prove that the large airplane can and does pay by means of an 

analysis of the effect-of size on the numerous items that make up the 
cost of operating airplanes, is the purpose of his paper, Mr. Raymond 
announced. Mentioning first the effect of size on the production cost of 
airplanes, he brought out that the cost per pound of the larger airplane is 
subject to a reduction because of its size, but conceded that the cost of 
large airplanes cannot derive the same benefit from quantity production 
as can smaller ships. This reduction due to size, he declared, is of the 
same order as the reduction due to number of identical parts produced. 

Continuing his reasoning to show that the large airplane is a moré 
economical carrier than its smaller counterpart, Mr. Raymond discussed 
crew costs, fuel and oil, maintenance, insurance, depreciation, overhead, 
and showed actual operating cost data comparing a small and a large 
plane. As the size of an airplane increases, he said, the crew cost per 
passenger-mile will be decreased. In fuel and oil costs per passenger-mile, 
he contended that the larger airplane presents a very definite theoretical 
and actual saving. This saving is occasioned, he explained, by the fact 
that the resistance or drag of the airplane is proportional to the square of 
the linear dimensions. The gross weight and useful load are directly pro- 
portional to the cube of the linear dimensions. Dividing these expressions 


to give a figure of drag per unit weight, he pointed out, we find that the 
drag per unit weight is inversely proportional to the linear dimensions of 
the airplane. 

Comparing operating costs plotted against range for the Douglas DC-4 
and DC-3, he showed that the larger DC-4 dayplane operates at a lower 
cost per 200-lb mile than the DC-3 at ranges over 400 miles; that the 
DC-4 economy curve with respect to range is flatter; and that increasing 
the cruising velocity has less effect on operating cost of the DC-4. 


Discussion 


Complexity of instrument and control installations on large 
aircraft becomes a staggering factor in design and in cost, 
thinks Arthur Nutt, Wright Aeronautical Corp., who served 
as Technical Chairman. The cost per pound of building large 
aircraft goes up faster than quantity production reduces it, 
in the opinion of T. P. Wright, Curtiss-Wright Corp., result- 
ing in heavy cost penalties for aircraft of large size. Mr. 
Raymond agreed with this view, estimating that the cost of 
building a plane such as the DC-4 is about 500 greater per 
pound than for the smaller DC-3 in equal quantities, but 
repeated his earlier point, that operating costs for larger planes 
come down sufficiently to make the higher first cost a wise 
business investment. Both Mr. Wright and Mr. Raymond 
agreed that, in the present state of the art, aircraft of approxi 
mately 25,000 lb gross weight may be about the optimum size 
from the standpoint of low cost. 

Mr. Raymond replied to a question concerning the appre- 
ciable dihedral of the DC-4 horizontal stabilizer that the only 
aerodynamic purpose was to achieve an improved junction of 
the horizontal tail planes with the fuselage, while attaching 
to outboard vertical fins at their midpoint for both structural 
and aerodynamic reasons. 

The single comparison between the DC-3 and DC-4 types 
did not establish economic superiority of large planes as a 
type, in the opinion of Prof. Elliott G. Reid, of Stanford 
University. He contended that Mr. Raymond had overlooked 
the most important factor of all, increased safety of the DC-4, 
which alone would justify the added cost of the plane. Mr. 
Raymond replied that traffic is the first requisite of any com 
mercial airline, and that, since safety of equipment is the most 
important single factor in trafic promotion, the added safety 
of the large plane is therefore an economic factor of major 
weight. 


Giant Transoceanic Seaplanes - EDWARD C. 
WELLS and E. GIFFORD EMERY, Boeing Air- 
eraft Co. (Presented by Mr. Wells) 


RAVEL across the North Atlantic at 200 mph in the “giant trans 

oceanic seaplane” of tomorrow, weighing 260,000 lb, stretching 250 ft 
trom wing up to wing tip, and carrying 100 passengers, was portrayed 
vividly by the authors. Tentative designs are now under way for such a 
ship, the “Super Clipper,’ to be powered by six 2500-hp engines, they 
revealed, and facilities wil! be provided for maintaining in the cabin a 
pressure equivalent to 8000 ft when flying at 20,000 ft. The hull will be 
arranged, they announced, so that the 100 passengers can be given the 
following luxurious accommodations on two decks: 20 standard two 
person staterooms; 28 special two-person staterooms; 2 de luxe two-person 
staterooms; 1 30-person dining lounge; 1 galley providing dining service 
for 100 passengers; and one observation lounge for 21 persons, complete 
with cocktail bar. 

Sketching the history of the development of the 80,000-lb, 152-ft span, 
6000-hp “Atlantic Clipper” or Boeing 314, the giant seaplane of today, 
the authors listed four primary requirements and explained how they 
have been fulfilled: 

t. To transport 10,000 Ib of payload 2400 statute miles against a 
30-mph headwind at a cruising speed of 150 mph at an altitude of 
10,000 ft. 


2. To produce a machine which can be operated efficiently with a 
minimum of fatigue to the crew and a minimum of maintenance. 


3. To provide efficiently unprecedented comfort, spaciousness, and lux 
ury for the passengers. 


4. To develop an aircraft which will be as inherently safe as it can be 
possibly made with the existing knowledge of the materials, equipment, 
and the science of aviation 

For this ship a 1/25-size wind-tunnel model, a 1/10-size towing tank 
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model, and a '%4-size full-scale 
tested, they reported. 

The authors believe that the single-hull flying boat is preferable to 
other types for transoceanic air transport because of favorable public 
reaction, greater safety in the event of a forced landing at sea, fewer 
restrictions on take-off and landing facilities, and because the basically 
circular hull cross-section is better adapted to “pressurizing.” 


wind-tunnel model of the wing were 


Discussion 


In reply to a question from Lieut. H. M. Sartoris, U. S. 
Navy, Mr. Wells said that no extensive rough-water land- 
ing tests had been made with the Boeing 314, but that he 
feels it would match any plane developed so far. He could 
not estimate what the rough-water landing characteristics of 
the 100-passenger super-Clipper would be. In reply to the 
suggestion that landplanes may actually be safer in a forced 
landing at sea, and may float longer, than seaplanes, Mr. 
Wells commented that statistics on this point are lacking, but 
he believes many more forced landings had been made in 
rough seas with seaplanes than was commonly known and, 
in the long run, he believes seaplanes would show to advan 
tage in any comparison of emergency landing characteristics 
with landplanes. 

Mr. Raymond immediately took issue with this opinion, 
giving his belief that landplanes, at least of conventional low- 
wing type, might float considerably longer after a rough land- 
ing, than will seaplanes. This condition is due to the high 
center of gravity of the conventional flying boat, he explained, 
and the danger of damage or destruction of outboard floats or 
sponsons, causing the ship to lose lateral stability. The low 
wing landplane, he continued, with its low center of gravity, 
will act as a raft in a rough sea. Many landings of landplanes 
at sea have turned out favorably. 

What safety features will protect the super-Clippers from 
hazards of storing engine fuel in the main hull? asked Prot. 
Reid. Since sponsons probably will be abandoned in future 
in favor of retractable outboard floats, Mr. Wells feels that 
storage of the fuel in the main hull is unavoidable. However, 
he explained, the fuel tanks will be located against the boat 
bottom, and will be separated from passenger compartments 
by a ventilated air space, with differential pressure forcing air 
from the passenger compartments into the ventilation space, 
thus carrying away any fumes that might develop. He still 
would preter a safety-type fuel if it can be developed. 

What is a safety fuel, as compared with gasoline? asked 
E. H. Zeittuchs, Standard Oil Co. of Calif. Mr. Wells replied 
that the most desirable fuel, from a safety standpoint, is that 
one which has minimum volatility. 


| Aireraft-Engine Session 


Wednesday morning, June 7 


C. E, Stryker, general chairman 
E. E. Wilson, technical chairman 


Recent progress in the development of aircraft engines of 
various types was well reviewed in this session. Particularly 
well presented was the analysis of problems affecting satisfac 
tory operation and retarding further development of engines 
of high power. Trends in fuel injection, compression-ignition, 
co-axial propellers, liquid-cooled engines, sleeve-valve aspirat 
ing systems, lubrication, relative progress of American and 
European engines, spark-plug problems, optimum cylinder 
size and number, direct injection of gasoline, and development 
of the new sintered aluminum-oxide spark-plug insulator, 
were presented. Both authors agreed that the spark plug is at 
present the bottleneck in engine development. 
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Aircraft Engines and Their Lubrication - ARTHUR 
NUTT, Wright Aeronautical Corp. 


LIHOUGH stating that this Country is not lagging in its technical 

ability to produce high-output engines, Mr. Nutt cautioned that we 
must continue to provide adequate funds and personnel if we are to 
maintain a satisfactory position in the industry. 

The author outlined the recent progress in the development of aircraft 
engines by a brief review of the progress during the past 10 to 15 years, 
followed by an explanation of some of the design details which have 
aided in this progress. Various design features were discussed to empha 
size the importance of detail research and development. Among the items 
of importance were cooling, supercharging, vibration damping, fuels, 
materials, and spark plugs. 

Trends in fuel injection, compression-ignition engines, co-axial pro- 
pellers, liquid-cooled engines, engine types, sleeve-valve engines, lubrica 
tion and the relative progress in the development of American and Euro- 
pean engines, also were covered. 


Discussion 


Taking sharp issue with Mr. Nutt’s statements concerning 
the diesel engine, E. S. Hall, consulting engineer, submitted a 
prepared discussion which was presented by General Chairman 
C. E. Stryker. A fair comparison between spark-ignition and 
compression-ignition gngines is difficult, Mr. Hall stated, but 
there are many special advantages of the compression-ignition 
type to offset the faults enumerated by Mr. Nutt. Parallel 
cylinders, or in-line type engines of diesel cycle offer many 
advantages over the more awkward radials, and with a little 
more development work, use of the 2-stroke cycle, proper 
special diesel lubricant, direct piston cooling, and other design 
factors available to the diesel engineer may bring this engine 
into the limelight. In reply Mr. Nutt emphasized that it was 
not his purpose to attack the development of diesel-type air- 
craft engines, but merely to appraise their present relative 
position. 


Aviation Fuels and Engines -F. R. BANKS, Asso- 

ciated Ethyl Co., Ltd., England. 

UTURE engine developments for powers between 2000 and 4000 bhp 

and the author’s views on the form which such engines will take, 
together with optimum cylinder sizes and number of cylinders, were 
covered in the latter part of Mr. Banks’ paper. Because it concerns the 
possible future development of military aviation in America as well as his 
own country, the author considers this part the important one. 

In the first part, he gave a short résumé of the aviation fuel position in 
Great Britain, and then went on to describe some work which he had 
done in conjunction with the British Air Ministry and one of the aero 
engine manufacturers on very high-duty aviation engines. He also dis- 
cussed what, in his opinion, is a characteristic of the American two-valve 
hemispherical cylinder head relative to British four-valve engines in 
regard to fuel behavior. He continued, mentioning certain new develop- 
ments in this country, such as the treatment of poppet type exhaust valves 
with Brightray. 

Views on the single-sleeve valve and, in detail, the latest information 
on the development of the sinterkorund (sintered aluminum oxide) spark 
plug, were presented. The subject of direct injection of gasoline also was 
dealt with. 


Discussion 

The only prepared discussion on Mr. Banks’ paper was sup 
plied by A. L. Beall, but was not presented due to pressure of 
time. 

Mr. Nutt was unfair to the petroleum refiners in charging 
them with lack of energy in developing new fuels and lubri 
cants, contended A. L. Clayden, Sun Oil Co. He pointed out 
that changes in fuel or lubricant specifications frequently mean 
expenditure of millions of dollars in refinery equipment and 
distributing facilities before the new product can be made 
available to the market. This factor, he explained, prevents 
refiners from designing new fuels and lubricants on the rapid 
fire basis that characterizes aircraft-engine design. He also 
remarked that Mr. Nutt’s hope for lubricants of uniform vis 
cosity throughout the working heat range, and for non 
oxidizing lubricants, is impossible of fulfillment due to the 
basic nature of petroleum products, although we can hope 
for some degree of improvement. 
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ONGRESS delegates discovered startling automotive displays 
amid picturesque settings at Treasure Island, scene of the 
Golden Gate International Exposition. In Vacationland, and 
other Exposition structures, the arts of the gutomobile and petro- 
leum industries were dramatized. 


Giant China Clippers were on view, receiving actual terminal 
overhauls at the Hall of Air Transportation, near the Port of Trade 
Winds, their permanent terminal. Members of the Congress 
reached the Exposition ‘land via the great San Francisco-Oakland 
Bay Bridae, longest in the world, which forms the backdrop for the 
World's Fair of the West. June 5-10 was designated as "World 
Automotive Engineering Congress Week" at the Exposition. 
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By closer cooperation between aircratt-engine designers and 
petroleum refiners they may progress together, contributed 
G. L. Neely, Standard Oil Co. of Calif. 

Development of superior grades of fuels and lubricants must 
be handled on an economic basis, commented Dr. U. B. Bray, 
Union Oil Co. of Calif., who said that anyone is a fool to do 
business with a firm that is not operating at a profit. He 
pointed out that it is relatively easier to specify a fuel than a 
lubricant, and that fuel prices can be protected by positive 
specifications, whereas the refiner of superior lubricants must 
frequently meet cut-throat price competition. Diesel-engine 
lubricants are years ahead of other lubricant development, he 
claimed, because positive market protection has been provided 
through positive specifications. A National lubricant labora 
tory to establish uniform specifications and standards might 
solve the problem, he suggested. 

Progress is made in development of lubricants, even though 
we never achieve the ideal, replied Mr. Nutt. He believes 
that a single-cylinder aircraft test engine could be worked out 
and distributed to lubricant refiners as a basis for establishment 
of uniform standards and specifications. 

How will we get engines of more than 3000 hp? asked Mr. 
Banks, and where will we put engines within the wings when 
wings are growing thinner, and engines larger? Mr. Nutt 
feels that increased engine powers depend on the simple 
geometry of cylinder multiplication. For wing engine in- 
stallations he predicted that it is likely that flat-type engines 
will be tried in the near future. 


Diesel-Engine Session | 
Wednesday afternoon, June 7 
Cc. G. A. Rosen, chairman 


Certainly one of the most thought-provoking sessions was 
that devoted to the role of the diesel engine in modern trans. 
portation. Although the original program called for papers 
on application of diesel engines to truck, rail, and air trans 
portation, the aircraft paper to be prepared by F. W. Achter 
berg, of the Junkers Corp., Germany, did not materialize, and 
the paper on diesel fuel characteristics by A. J. Blackwood 
and Dr. G. H. Cloud, was shifted from the Thursday morning 
program to the Wednesday afternoon Diesel Session where 
it was read by Mr. Blackwood. The history of modern civili 
zation was interpreted as the history of modern transportation 
by both authors dealing with the diesel engine in transporta- 
tion. Through application of the diesel engine to transpor 
tation problems, the horizon of man’s possible accomplish 
ments has been greatly extended. Detailed comparisons showed 
the superiority of the diesel in heavy highway freight hauling, 
and its application to lighter vehicles in the near future was 
forecasted. As for railroads, it was brought out that diesel 
power is cheaper to operate, has higher availability, can be 
operated over greater distances at higher speeds, and has done 
more than any other one factor in recent years to focus the 
public’s attention on the railroads. 


The Diesel in Trucks—J. B. MACAULEY, JR.. 
Chrysler Corp. 


LE greener per horsepower are far more important in the truck field 
than pounds per horsepower, Mr. Macauley contended. The truck 
diesel must pay for itself out of fuel savings before it can show a profit, 
he reasoned. On this ground alone he feels that there is much to be said 
for the 4-cycle diesel engine. In his paper he explained the Dodge Bros. 
approach to the diesel-engined truck; discussed the more immediate 
problems to be solved; and speculated on the possible directions of future 
progress. 


The truck diesel has come of age he «xplained, and can now be intro- 
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duced into an operation which is accustomed to gasoline vehicles without 
upsetting the operation. 

To show how the diesel engine measures up to the standards estab 
lished by the gasoline engine, Mr. Macauley compared data from gasoline 
and diesel engines of the same bore and stroke and, in many respects, of 
similar mechanical design. In the road tests reported, he said, the en- 
gines were operated in identical vehicles hauling the same load over the 
same routes. Curves plotted from the tests data indicate, he stated, that 
the power and torque characteristics of the diesel and gasoline engines 
compared are so similar that the two engines could be interchanged in 
the same truck without marked disturbance of performance. Discussing 
smoothness, he indicated that neither peak pressures nor rates of pressure 
rise of the diesel are unduly high as compared with gasoline-engine prac- 
tice. So far as throttle response goes, the diesel is definitely better than 
the gasoline engine because there is no manifold lag, he pointed out, when 
dealing with their relative flexibility. The diesel exhaust is kept clean 
over the entire speed range without substantial sacrifice of torque at any 
speed, he revealed. Fuel consumption obtained on these identical trucks, 
covering 37,000 miles over a 108-mile loop in western Pennsylvania, 
averaged 5.23 mpg for the diesel as compared with 3.74 mpg for the 
gasoline engine. Maintenance of the two engines seems to be about the 
same, he reported, although the diesel engine treats the lubricating oil 
more roughly than does the gasoline engine. 

Although the diesel truck finds application only in the low-volume 
heavy-duty field at present, Mr. Macauley sees a volume market for it in 
lighter truck fields, if the barrier of first cost can be breached because of 
the added efficiency of the diesel at part load. Simplicity and cost favor 
the 4-cycle aspirating engine in this field, he believes. 


Discussion 

In presenting the authors of papers on application of diesel 
power, Chairman C. G. A. Rosen called attention to the large 
part played by the Pacific Coast in development of diesel 
power in America. The first marine gasoline engine was 
built on the Pacific Coast, he recalled, and this area gave birth 
to the heavy-duty diesel boat, truck and tractor engines, and 
has fostered the development of high-speed diesel trains due 
to the great distances separating this part of the country from 
our major population centers. Harking back to the diesel 
session at the 1915 San Francisco World’s Fair, Mr. Rosen 
reminded his hearers that delegates had departed with a feel- 
ing that the future was dark. Yet since that time has come 
the application of the diesel to farm power and construction 
equipment, revolutionizing the engineering of earth move 
ment. To highlight the rapid advance of the diesel the fol 
lowing figures were cited: 

Total diesel horsepower sold in the United States by years: 


1932 100,000 hp 
1933 293,000 hp 
1934 750,000 hp 
1935 t,200,000 hp 
1936 1,875,000 hp 
1937 2,075,000 hp 


A breakdown of the 1937 figures by fields of application of 
diesel power show: 


Rail $0,000 hp 
Marine 170,000 hp 
Bus 200,000 hp 
Truck 300,000 hp 
Tractor 1,100,000 hp 


With regard to the favorably low wear reported tor truck 
diesels, Arthur Nutt, Wright Aeronautical Corp., asked 1 
both diesel and gasoline trucks had the same improved type 
bearings, rings, and lubricant. Also, how did the diesel com 
pare with gasoline-engine performance at altitudes? Mr. 
Macauley replied that the lubricating oils were identical, rings 
used on the diesel engine had received more attention, and 
copper-lead bearings run with a hardened crank were used 
in the diesel against babbitt bearings on the comparable 
gasoline engine. Testing done to date on diesel power output 
at 3000 ft altitude showed some advantage for the diesel, he 
said. The information was volunteered from the audience 
that tests made at 6000-ft altitude have shown negligible power 
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Arthur Nutt, Wright Aeronautical 
Corp. (left) read papers at both 
San Francisco and New York Con- 
gress sessions. 


Capt. L. G. Callingham, Royal 
Aero Club, England (right), at the 
San Francisco banquet expressed 
appreciation on behalf of all over- 
seas delegates for courtesies shown 
them during the Congress. 


loss tor diesels. E. W. Templin, Los Angeles Department 


of Water & Power, reported that diesels checked at 8ooo-ft 
altitude showed 3% power loss, exactly equivalent to that of 
gasoline engines at that altitude. 

A lack of definition of what is a diesel fuel was noted by 
L. J. Grunder, Richheld Oil Corp., who pointed out that a 
fuel with an end point not higher than 550 was needed to 
eliminate smoke, but with a loss of 10% power. By going 
to 650-720 end point, the power was increased 10%, without 
smoking, but this fuel cost 20° more than the lower grade. 
Mr. Macauley volunteered that the diesel fuel used in his test 
program had about 680 end point, and the fuel used in labora 
tory testing was of 690 end point. 


Diesel Fuel Characteristics Influencing Power 
and Economy — A. J. BLACKWOOD and G. H. 
CLOUD, Standard Oil Development Co. (Pre- 
sented by Mr. Blackwood) 


F the many characteristics of diesel fuels, heating value, ignition 

quality, and possibly fuel viscosity are the only important ones 
affecting engine power and economy, the authors disclosed. In their 
paper they presented data obtained from an extended fuel research pro 
gram concerning the power and fuel economy obtained when using fuels 
differing in their physical and chemicai characteristics. 

The points which seemed to the authors to be of greatest practical sig 
nificance were summarized as follows: 

1. Assuming complete combustion, fuel volatility affects the pints pei 
brake horsepower hour only indirectly as it is related to heating value and 
ignition quality. 

2. Most present-day engines have fixed injection timing, and og such 
engines ignition quality is a major factor in determining volumetric fuel 
economy in the upper speed ranges. At the lower engine speeds, heating 
value in terms of Btu per gal, or as estimated from API gravity, is the 
most important consideration. 

3. Fuel viscosity by itself is not an important factor in the power ob 
tained on a high-speed diesel engine, except in instances where worn 
injection equipment may make it undesirable to use a low-viscosity fuel. 

There is no questioning the fact that the diesel engine manufacturer is 
faced with a serious fuel problem when attempting to reduce the sensi- 
tivity of high-speed engines so that customer acceptance may not be 
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limited by the high cost and poorer power and economy characteristics of 
the fuels that they can burn, the authors declared. As an example they 
mentioned diesel bus fleets operating on a fuel which is substantially 
kerosene because of the necessity for smoke-free operation to satisfy police 
and public health requirements. Fuels of this type are expensive because 
of their low viscosity and heating value, they pointed out, and give less 
power and poorer fuel consumption. 


Diesel fuels, they said, vary widely in quality, depending on various 
factors, such as crude source, method of processing and, to a certain 
extent, upon the fact that many diesel fuels also are used for domestic 
heating —there is yet no standardization of high-speed diesel fuels as 
obtains for gasoline. Perhaps the most important reason for this wide 
divergence in diesel fuel quality, they opined, is the fact that neither the 
engine manufacturer nor the oil refiner has the positive and definite 
knowledge of the exact quality required. 


Discussion 

Is high cetane rating valuable and can it be sold for more 
money? asked the first discusser. He also wanted to know it 
viscosity specifications of 38-42-45 were based on wear tests. 
Mr. Blackwood reported that fuel consumption increases up 
to 10% may result from worn injectors. Distribution of fuels 
of desired quality is a real problem, even though the fuels are 
available at the refinery, commented A. G. Marshall, Shell 
Oil Co. 

A test run with six different fuels operating through the 
six different units of a Hercules Bosch pump failed to disclose 
any measurable difference in wear rate, reported W. V. Han 
ley, Standard Oil Co. of Calit. He believes the boiling point 
gravity correlation should be used in specifying diesel fuels. 
He announced that he had no knowledge of a clear-cut answer 
to the question of cetane rating versus economy. 

Manufacturers should design engines to use existing diesel 
fuels, rather than those requiring special, premium fuels, 
opined Charles F. Becker, Tide Water Associated Oil Co. 

Mr. Nutt asked if aircraft-grade diesel fuels are now widely 
available. In response Mr. Blackwood called attention to the 
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complex problem of Eastern refiners, who must supply a wide 
market for home heating oil, in addition to the grade of fuel 
used for diesel engines. He reported cases where engine pump 
wear had been negative due to deposit of a thin film of var 
nish. Extensive tests had shown no pump wear after the first 
cleaning, he reported. Concerning availability of aircraft diesel 
fuels, he replied that refiners could supply whatever the mar- 
ket required. 


The Role of the Diesel on Rails — A. R. WALKER, 
Illinois Central System. 


ACED with declining trafic and increasing costs, the railroads turned 
to the internal combustion engine, and after profitable experience with 
gasoline engine powered cars, they tried the diesel when it was available, 


Mr. Walker said. 


Diesel power, he claimed, has probably done more than anything els¢ 
im recent years to focus the public’s attention on the railroads. Economi- 
cally, the results of using diesel power have exceeded expectations, and 
today diesel power is doing hundreds of thousands of hours of switching 
and is hauling passenger trains in excess of eight million miles annually. 

In Mr. Walker’s opinion, diesel power is cheaper to operate, has higher 
availability, can be operated continuously over greater distances at higher 


speeds with less damage to track structure and equipment than steam 
power. 


Discussion 

Two splendid moving pictures were shown of diesel trains 
im operation at the conclusion of Mr. Walker’s paper. Claims 
made were that diesels in comparison with steam engines, for 
switching service, cut fuel costs 65%, lubricant costs 50%, 
maintenance costs 50%, and engine-house costs 85%. Total 
operating cost of diesel equipment was set at $2.50 per hr, 
against $4 an hour for steam engines. 


Fuels and Lubricants 
Sessions 


Thursday morning, June 8 
A. G. Marshall, general chairman 
D. P. Barnard, technical chairman 
Thursday afternoon, June 8 


“ 


L. J. Grunder, general chairman 
J. B. Macauley. Jr.. technical chairman 


A wide range otf topics was covered by this fuels and lubri 
cants symposium. Knock-rating control over a worldwide 
held was outlined. Extensive research into flame propagation 
within the engine cylinder was reported, the work making use 
of quartz ‘windows in the cylinder, the stroboscope, and the 
bouncing-pin indicator for matching fuels, or for comparing 
one degree of knock with another. A CFR report on tests 
with a shrouded intake valve was read by title only. Im 
provement of crankcase oil oxidation qualities by addition 
agents was discussed in a paper that also dealt with color 
darkening, corrosion, sludge, and lacquer phases of the oxida 
tion problem. Prophetic forecasts concerning mechanical 
changes in automobiles pointed to further development of 
high road speeds, rear-engine cars, automatic speed changing, 
new springs, lubricant developments of the future. Super 
highways of the near future were visioned. 

Also covered were topics dealing with cylinder-bore wear, 
piston-ring coatings and their effect on bore wear, and the 
wear of crankshafts with “lead-bronze” bearings. 


Knock-Rating Control— A. E. BECKER, Standard 
Oil Development Co. 


{es obtain reproducibility in knock testing throughout the petroleum 
and automotive industries as a whole, a well-written method is the 
first requisite, Dr. Becker specified, noting that both the ASTM Motor 
Method and the CFR Research Method are well written. <A 


] 
second 


‘requisite of equal importance, he continued, is the use of standardized 
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engines, auxiliary equipment, and reference fuels which, in practice, is a 
matter of obtaining the first two items from the recognized manufacturer 
and of using secondary reference fuels that have been calibrated in 
accordance with the method by a large number of independent labora- 
tories. Even with a well-written method, he pointed out, it is inevitable 
that there will be some differences in interpretation by users that will 
affect the reproducibility of the tests. One method of overcoming and 
eliminating such differences, he said, is for a group of laboratories to 
cooperate in checking test samples periodically. The CFR Exchange 
Group, which tests 3 samples each month, has proved quite useful not 
only in maintaining reproducibility among the participating laboratories, 
but also in calling attention to and rectifying differences in equipment 
and interpretations of the procedure which materially affect the ratings 
obtained, he reported. 

Reproducibility among the knock-testing engines in the laboratories 
of one’s own organization is fully as important, he maintained, and to 
obtain it, a definite program of checking test samples was found to be 
most helpful. Dr. Becker named the 26 laboratories located in 11 
countries who are participants in a monthly program of checking samples. 
In the remainder of his paper, he outlined the organization and opera- 
tion of this cooperative program, explaining how attention is focused on 
any laboratory that is not in agreement with the others. 


Discussion 


What effect does altitude have on accuracy of your labora 
tory testing? asked G. M. Wheeler, Tide Water Associated Oil 
Co. Altitude laboratories are not quite so good, but satisfac 
tory, replied Dr. Becker. 

William H. Hubner, Universal Oil Products Co., reported 
that he is working on altitude data in order to calibrate alti 
tude laboratory tests with sea-level results. H. K. Cummings, 
National Bureau of Standards, reported that the CFR is ex 
changing fuel test samples, in addition to the work of in 
dividual company laboratory systems. He reported real benefits 
where laboratories exchange samples monthly. Mr. Moore 
reported that humidity affects octane ratings as much as two 
points for highly leaded fuels, and that, in the West, humidity 
specifications are being written into fuel contracts. He be 
lieves that the CFR method would never be satisfactory until 
we introduce humidity control. Dr. Becker replied that he 
has not found humidity variations an important factor. 


Engine Flame Researches —-—'l. A. BOYD, Research 
Laboratories Division, General Motors Corp. 


ALLING knock “the cancer of cngine combustion,”’ Mr. Boyd ex 

plained that his paper—a review of research on engine combustion 
which has been pursued steadily for many years—has been concerned 
chiefly with this phenomenon. Of the many aids to observation which 
have been developed for the research, or adapted to it, he described first 
an optical engine indicator by means of which it was observed early that 
knock is not caused by preignition, as was then thought, but that it arises 
from a pressure disturbance which occurs several degrees after the igm 
tion spark. 

Other aids to observation utlized in the course of the research were 
named as the bouncing-pin indicator for matching fuels or for comparing 
one degree of knock with another; auxiliary sampling valves for tracing 
reaction progress by chemical means and for detecting incipient oxidation 
within the dark region ahead of the flame; windows of various sizes and 
shapes through which events inside the combustion space were observed 
by eye, photographed in sections and in full view, and examined with the 
aid of spectroscopes. Through such windows also, he explained, radiation 
from the flames was registered by a thermopile, and flame temperature 
were measured by a spectrographic technique. To summarize the intor 
mation about engine flames accumulated by all these various means 1s the 
purpose of his paper, Mr. Boyd announced 


Discussion 


Mr. Boyd’s paper was illustrated with action moving pic 
tures of flame propagation and with colored slides of internal 
combustion conditions. Praise for the great strides made in 
the instrumentation of flame study was offered by J. B. Ma 
cauley, Jr., Chrysler Corp. J. R. MacGregor, Standard Oil 
Co. of Calif., agreed that guessing what was going on inside 
ap internal-combustion engine is out of date. C. G. A. Rosen, 
Caterpillar Tractor Co., complimented Mr. Boyd for the fine 
job done in condensing a huge mass of data to a readily 
understandable form. W. V. Hanley, Standard Oil Co. of 
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Calit., wondered how the rate of burning varies with tuel 


octane number. Mr. Boyd replied that basic changes in com 


position of the fuel vary the burning rate, but that octane 
number seems to have little influence. 


The CFR Shrouded Intake 
COULL, The Texas Co. 


A BRIEF account of some experiments undertaken to determine if the 
zone of detonation in a cylinder could be shifted by turning the 
shroud on a CFR intake valve, was delivered by Mr. MacCoull. Al 
though he reported that this shifting was not accomplished, he found that 
turning the shrouded valve had a pronounced effect on the temperature 
of a U. S. Army Thermal Plug, on the sensitivity of such an instrument 
as a measure of detonation, and on the knock intensity. There was also 
some evidence, he reported, that knock ratings of sensitive fuels arc 
altered by the changes in turbulence which result from various position 
of the shroud. 

It appears that further experiments on the effects of the position of the 
shroud are well justified, he concluded. 


NEIL Mae- 


Valve 


Controlling the Deterioration of Crankcase Lubri- 
cating Oils in Service —J. R. SABINA, Petroleum 
Chemicals Testing Laboratory, E. I. du Pont de 
Nemours & Co. 


HE susceptibility to improvement of crankcase-oil oxidation by addi 

tion agents varics over a wide range, Mr. Sabina concluded, after 
presenting the results of engine tests carried out under specific condition 
to determine the effects of various addition agents. A universal panacea 
is sll being sought, he continued, and it is inevitable that further ad 
vances will be made in the field of addition agents with increased know] 
edge of the chemistry of lubricating oils, of oxidation phenomena, and of 
engine variables. 

Present knowledge of the art indicates that one of the most satisfactor\ 
methods of accomplishing this oxidation control, he pointed out, is to 
counteract the effect of catalysts on the oil. Although this method con 
tributes to an appreciable extent, he explained, it is not the final solution 
since it does not contro] oxidation beyond that promoted by the activity 
of the metals. A combination of a metal deactivator and a true oxidation 
inhibitor undoubtedly would produce most satisfactory results, he de 
clared. In addition to the oxidation phenomena, Mr. Sabina brought out 
that other changes in the oil due to elevated temperatures probably play 
an important role in the formation of undesirable properties 

In order to obtain oi! depreciation in short periods of time, he ex 
plained, it was necessary to use relatively severe conditions, but he be 
lieves that comparisons under these circumstances indicate real difference 
between treated and untreated oils. Furthermore, he continued, the trend 
in engine design is toward greater power output with more exacting 
demands on the lubricating oils; hence the accelerated conditions of toda 
may be the normal conditions of tomorrow. 


In his paper, Mr. Sabina covered the color-darkening, corrosion, 


udge, 


and lacquer phases of the oxidation problem. 


Discussion 


Long a proponent of “doping” lubricants, Dr. U. B. Bray, 
Union Oil Co. of Calif., pointed out that the oil and dope 
must work together, since all crudes have special properties 
which prevent developing a single additive to act as a universal 
panacea for all oils. He pointed out that we are not yet able 
to determine what constituents in lubricants cause lacquer 
formation, which makes the first and most important step in 
lacquer prevention that of careful selection of the crude, and 
use of the highest refining technique. Then use chemical 
additives as required to perfect the lubricant, he advised. Al 
though the problem of engine “lacquering” is still far from 
solved, he feels that engine design changes have increased 
lacquering due to reduced clearances. Prevention of lacquer 
ing, he suggested, seems to rely somewhat on washing action 
ot lubricants over the surface in question, and using a high 
power filter brings little improvement with respect to lacquer 
trouble. He divided additives used in lubricants into four 
classes: nitrogen, oxygen, sulphur, or phosphorus. 

Increased engine power outputs have accentuated the lac 
quer problem, contributed Mr. Macauley. The worst sludging 
and lacquering conditions are found in cars on low-duty in 
termittent service, he reported, as in the case of a fleet of 
taxicabs. Oil chemists and technologists will soon solve the 
problem, he believes. 
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Engines are the best possible tools in determining lubricant 
qualities, commented L. H. Mulit, Standard Oil Co. of Calit., 
but, since accelerated tests produce rapid wear in the test 
engine, he teels there is need tor a reterence oil to be used for 


comparison as the tests progress. Action of the metal catalyz 


ing agent in the crankcase is the same, reported Mr. Sabina, 
whether the metal is in the form of a soluble salt, or is simply 
an exposed surtace. 


The Past, Present and Future of Cooperative 
Progress —- A. LUDLOW CLAYDEN, experimental 
engineer, Sun Oil Co., and WILLIAM SS, CAN- 
NING, engineering director, Keystone Automo- 


bile Club. 


N Section | of this paper, Mr. Clayden, summing up probable automo 
tive developments to occur in the next ten years, said: “It appears 
likely that there will be some increase called for in the antiknock quality 
of gasoline, because there would still be some gains from the automobile 
manufacturer's point of view if he could increase the compression a little 
more. A gradual decrease in the amount of motor oil used, in pro 
portion to tuel consumed, is to be expected. . The general tendency 
is for mechanical changes in automobiles to take place even more slowly. 
The development of high speed has reached about the end for at 

least ten years . . It is extremely probable that engines will move from 
the front to the rear end of the car. 
also probably coming. 
is not over 


Automatic speed changing 1s 
The period of experimentation with springs 
. but none of. these things are likely to have much effect 
upon the metallurgical or petroleum products.” 

In arriving at these predictions, Mr. Clayden surveyed the historical 
and technical development of transportation units and emphasized the 
interrelationship of advances on many fronts which have been necessary 
to the achievement of current automotive products and services. 

Mr. Clayden stressed the improvements in gasoline which have mad 
possible practical, more efficient automobile engine designs and empha 
sized the fact that “extremely active cooperation in the development of 
engines and fuels has been going on for many years.” 

The real start of cooperative work on lubricants, he said, came six o1 
seven years ago when it was realized that many advantages are derived 
from using motor oils of considerably lower viscosity than established 
practice. 

In Section I], Mr. Canning examined the motives that will be present 
to impel the highway designer of the future and developed a picture ol 
the structure that this designer may build. Included in the vision which 
Mr. Canning portrayed were super-highways from coast to coast and from 
Canada to Mexico: roads on which there will be no highway or railroad 
vrade crossings: no speed limits and no access from the roadside for man 
or beast. Painting his picture of the future, Mr. Canning reviewed the 
history of past highway developments as a basis for future predictions and 
concluded that “the vision of a 150-mph highway involves no imag 
inary features. Each and every part of it is in active use somewhere 
in the world today.’ He pointed out, moreover, that “new methods and 
new materials of construction may come and lead to the creation of hig! 
Wavs at present unimaginabl 


Discussion 


Mr. Boyd challenged Mr. Clayden’s assertion that there has 
been relatively lithe mechanical development in automobile 
engines since 1930, with a prepared paper and a chart to 
demonstrate that, in the past twelve years, performance of 
six high-production cars has been boosted 45%, and ton-miles 
per gallon increased by more than 20%, with an accompany 
ing improvement in riding ease, driving comfort, and re 
liability. Nevertheless, replied Mr. Clayden, progress since 
1930 has been mainly in the direction of improving the mean 
performance of all cars, rather than raising of extremes of 
performance. 

Dr. Bray introduced a former Indianapolis race driver, Earl 
Cooper, who gave as his opinion that no stock tires are avail 


able at this time for speeds such as the 150 mph envisioned by 
Mr. Clayden. 


Piston-Ring Coatings and Their Effect on Ring and 
Bore Wear —-MAX M. ROENSCH, Chrysler Corp. 


NTREATED piston rings produced twice the wear that occurred on 
coated piston rings when only the compression rings were coated, 
Mr. Roensch divulged, reporting the results of careful tests under accel- 
erated wear or scuffing conditions on newly finished surfaces. The dif 
ference in wear was even greater. he continued, when both compression 
and oil rings were coated properly I 


Coating the cvlinder block gave even 
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further aid, he said, but improper coating was found to be detrimental, 
causing excessive wear. 


Mr. Roensch emphasized that coated piston rings have definitely proved 
worth while and, with the development work now being carried on in 
the laboratories of both the piston-ring companies and automobile com 
panies, further improvements are sure to come. 


Piston-ring scuffing occurs most frequently during the break-in period 
and has been a problem to both the automobile and ring producers, for 
some time, he explained, reviewing the background of his work. Ring 
coatings have been under development for several years, and their general 
adoption by nearly all automobile companies indicates both the need for 
them and their effectiveness, he said. Dividing coatings into two general 
classes, chemical and metallic, he classified ‘“Ferrox,’’ an iron oxide; 
“Granoseal,” an iron-manganese phosphate; “‘“Graphitox” and “Grafotox,” 
a zinc-iron phosphate with colloidal graphite; and ‘“‘Feritex,” ferrous 
sulphide, as chemical coatings. The metallic coating is of electrolytically 
deposited tin, he explained 


Discussion 


B. E. Sibley, Continental Oil Co., in prepared discussion 
read by J. B. Macauley, Jr., questioned the value of coated 
piston rings for high-speed operation. Beneficial results from 
a period of high-speed operation of new cars lubricated with 
a “fortified” engine oil were reported, indicating that the 
lubricant may be of greater value than the ring-coating process 
in conditioning the cylinder walls. A 300-mile test run at 
low speed through winter conditions also revealed a marked 
improvement in ring wear for an engine lubricated with the 
reinforced oil, he reported. Regardless of whether the chemical 
fortification is applied to the ring surface or to the lubricant, 
it is short-lived, he claimed. Therefore, he reasoned, it 1s most 
successful if a chemically fortified oil is used continually. 
C. J. Livingstone, Mellon Institute of Industrial Research, 
reported that use of Ferrox rings in reconditioning engine 
cylinders was a marked improvement, greatly reducing blow 
by and improving oil life. Oil temperatures should be re- 
duced materially so that oils may work at a lower temperature 
on cylinder walls, he said. Extensive tests have shown, he 
continued, that even very fine dust is quite harmful in cylinder 
wear. A much higher wear rate on cylinder walls and piston 
rings has been found in cities burning quantities of soft coal 
for heating and industrial purposes, he concluded. 

Dr. D. P. Barnard, Standard Oil Co. (Ind.), read prepared 
discussion submitted by his brother E. R. Barnard of the same 
company, in which it is suggested that the metal wearing 
from the cylinder walls is worth about $1000 per lb. A 25% 
improvement in engine life is believed possible through use 
of proper oil addition agents. Much of the help from addi 
tives must be directed at low-duty intermittent operation in 
cold weather, he advised. 

Other vital factors affecting ring and cylinder wall wear 
are the ring width and the cylinder-wall temperature which 
may affect wear in the order of 6:1 according to S. B. Shaw, 
Pacific Gas & Electric Co. He has found that ring and 
cylinder wear can be almost entirely eliminated through chro- 
mium plating. If ring life average is 25,000 miles per set of 
rings, it should go up about roo% to 50-60,000 miles per 
ring, suggested E. W. Templin, Los Angeles Department of 
Water and Power. He has found it possible to gain 25% 
ring life through a slight fillet on the lower edge of the ring, 
in contact with the cylinder wall. 

Asked for further details about his chromium-plating work, 
Mr. Shaw reported that this has been a pet project with him. 
One tow car showed no measurable cylinder-bore wear after 
7000 miles of operation with chromium-plated center bores, 
though the end bores showed 0.007 in. wear. A Cummings 
diesel engine front cylinder showed no measurable wear after 
100,000 miles of operation since chromium plating, he re- 
ported. Announcing that he is now planning to test cobalt 
plating, he remarked that corrosion protection is of equal im- 
portance with improved wear resistance. Rings wear less than 
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normal when operated against chromium-plated cylinder 
walls, he concluded. 

Mr. Macauley wanted to know about the resistance of 
chromium plating to leaded fuels. Mr. Shaw said that leaded 
fuels were used without noticeable effect. Do the chromium 
plated bores give difficulty on oil control? 
Roensch in closing the discussion. 


wondered Mr. 


The Wear of Crankshafts with ‘“Lead-Bronze” 
Bearings —-C. G. WILLIAMS and H. LUDICKE, 
director of research and research engineer, Insti- 
tution of Automobile Engineers. (Presented by 


Capt. L. G. Callingham, Shell Mex. B. P., Ltd.) 


ASE-HARDENING is a satisfactory means of reducing crankpin wear 

with “lead-bronze” or copper-lead bearings, the authors revealed, 
reporting the results of tests to determine the relative wearing properties 
of various crankshaft materials when running against a typical copper- 
lead alloy bearing at a temperature of 212 F. The reason for making the 
tests, they explained, was that, although the adoption of copper-lead 
bearings in place of white-metal bearings in automobile engines has elim 
inated the trouble of cracked bearings, their use, in some cases, has 
resulted in appreciable journal wear. 

Compared with crankpins of nickel-chrome steel, they continued, the 
wear with the three case-hardening processes tested was about one-fourth. 
In general and contrary to what was observed with the softer crankpin 
materials, bearing wear occurred more rapidly than crankpin wear, they 
divulged, this result being due largely to high initial wear of the bearings 
during the early part of the tests. Variations in composition — percentage 
of lead and tin, and hardness — of the copper-lead bearings did not have a 
marked effect on the wear obtained, they found. 

The crankpin materials tested, which were all ground-finished, were 
specified as: a nickel-chrome steel, heat-treated; a nickel steel, not heat 
treated; a nickel-chrome-molybdenum steel, both heat-treated and not 
heat-treated; a carbon steel, both heat-treated and not heat-treated; three 
cast materials; three chromium-plated materials (two not ground); three 
other surface-hardening treatments, namely, carburizing, a proprietary 
hardening process, and nitriding. 

The testing machine used for the research, they explained, was vir 
tually a dummy engine in which the bearing under test was inserted in 
the big end of the connecting rod so that, when the machine was driven 
at a given speed by an electric motor, the big end was subjected to inertia 
forces the magnitude of which could be calculated. At any given speed, 
the force could be varied by using “pistons” of different weights, the 


piston having no crown so that gas compression forces were not intro- 
duced 


Discussion 


Capt. Callingham explained the nature of the Institution 
of Automobile Engineers, and briefly presented the paper. 
F. W. Kavanagh, Standard Oil Co. of Calif., reported that 
his laboratories have not been able to detect increased wear 


for crankshafts run in copper-lead bearings under test condi 
tions. 


Bore Wear from the Viewpoint of Materials -— 
PAUL S. LANE, American Hammered Piston 
Ring Division, Koppers Co. 


ISTON-RING irons are not the “best wearing” irons, contended Mr. 

Lane in his discussion of bore wear from the standpoint of the mate- 
rials commonly used for high-speed automotive diesel and aircraft-engine 
cylinders, liners, and rings. By this statement I mean, he continued, that, 
measured on a weight-loss basis under direct comparison with other con- 
ventional iron structures, piston-ring irons normally give relatively high 
weight-loss figures. But piston-ring irons do have the significant and 
desirable faculty of wearing away with very little tendency to accumulate 
wear products on their rubbing surface, he explained; in fact, this ability 
is probably of equal or greater importance than actual low weight loss. 
In his paper Mr. Lane reported the results of several years of laboratory 
wear-testing research, correlated in many instances with actual service 
experience, from the viewpoints of hardness, structure, and chemical 
composition. 

Variations in the structure and wear of automotive cylinder castings 
were illustrated, along with the tendency of different type cast irons 
toward scuffing and scoring, and the cause or reasoning for such ten- 
dencies, from the standpoint of the nature of the metal structure, was 
pointed out. Wear balance and compatibility, through hardness and 
structural relations, were reviewed, and arbitrary wear values were shown 
for many of the hardened steels and other alloys frequently used for 
cylinder and liner applications. 


(Concluded on page 26) 
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NEW “RPM” DELO solves Diesel engine 
lubrication problems. In EVERY Diesel engine, 
in any kind of service, it combines clean-engine 
performance with full protection for every kind 
of bearings— Babbitt or alloy. 

Actual engine tests, conducted for thousands 
of hours—millions of miles—show that NEW 
“RPM” DELO keeps all types of alloy bearings 
in perfect condition. And it keeps rings free 
pistons clean—filters unclogged—oil passages 
open under all kinds of heat and load conditions. 

Without hesitation we say that NEW “RPM” 
DELO (in proper S.A.E. grades) is UNEQUALED 
by any oil, in Diesel engine lubrication. 

Ask our Representative or your nearest Dis- 
tributor to see the Engineers’ Report on NEW 
“RPM” DELO, complete with charts, unretouched 
photographs of our conclusive engine tests. 

See for yourself—this great oil can make any 
Diesel last longer and cost less to operate. 





NEW “RPM” Diesel Engine Lubricating Oil now avail- 
able everywhere in the gray barrel with the blue head 


STANDARD OIL COMPANY OF CALIFORNIA 


other 
f- sef-Lubricaling Victor 


No Matter What Engines You Use 
YOUR DIESELS STAY CLEAN AND 
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WEAR-RATE HITS A NEW LOW 


PM DELO 


[Diesel Engine Lubricating Oil] 





Order from Your Nearest Distributor as Listed Below: 


IN THE UNITED STATES 


“RPM” Diesel Engine 
Lubricating Oil: 
The California Company 

(Montana only ) 
Humble Oil & Refining Company 
Standard Oil Company (Indiana ) 
Standard Oil Company (Nebraska ) 
Standard Oil Company of California 
Standard Oil Company of Texas 

Utah Oil Refining Company 


Diol “RPM” Diesel Engine 
Lubricating Oil: 

The Carter Oil Company 
Tulsa, Oklahoma 
Colonial Beacon Oil Company 
Standard Oil Company of 
Louisiana 
Standard Oil Company of 
Jew Jersey 
Standard Oil Company of 
Pennsylvania 


Kyso “RPM” Diesel Engine 
Lubricating Oil: 
Standard Oil Company 
(Inc. in Kentucky ) 

Signal “RPM” Diesel Engine 
Lubricating Oil: 

Signal Oil Company 
Sohio “RPM” Diesel Engine 
Lubricating Oii: 

The Standard Oil Company (Ohio) 


IN CANADA 
“RPM” Diesel Engine 
Lubricating Oil: 
Imperial Oil Company Limited 
Standard Oil Company ot 
British Columbia Limited 


THROUGHOUT THE WORLD 
“RPM” Diesel Engine Lubricating 
Oil is also available through dis- 
tributors in more than 100 other 
countries. Get in touch with your 
nearest distributor. 
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WITH 4-ENGINE AIRCRAFT 


Now PRODUCING THE WORLD'S 


% LARGEST FLYING BOATS 
%& FIRST “UPPER LEVEL” TRANSPOKTS 
%& FASTEST SUPER BOMBERS 


( "HE rapid development of 4-engine aircraft in the 
United States has marked a significant milestone in the 
world of aviation. In this new 4-engine era the name 


BOEING stands predominant. 


The giant 74-passenger BorING 314 Clippers recently 
delivered to Pan American Airways and now flying both 
the Atlantic and the Pacific, are the largest aircraft in oper- 
ation in the world today. Designed with special emphasis 
on passenger comfort, long range operating efficiency and 
safety, these great flying boats are capable of spanning 
either of the two major oceans with a commercially prac- 


tical load of passengers and cargo. 


The new BoEING 307 Stratoliner, now in the midst of a 
comprehensive flight test program, promises to be as out- 


standing in overland operations as the Clipper is over the 










seas. The “altitude conditioning” equipment incorporated 
in this plane marks another vital forward step in commer- 
cial air transportation. It is designed to provide the com- 
forts of approximately normal atmosphere within the air- 
plane while it is flying either at or above present operating 
altitudes. 


The Boe1nc B-17-type Flying Fortresses in the service 
of the United States Army Air Corps have proved their 
capabilities by thousands of hours of flying in all varieties 
of weather and on all types of assignments. Their service 
record has unequivocally demonstrated the merits of 


4-engine aircraft. 


These three types of 4-engine equipment, now in 
current production at the BOEING factory, are the standard 


bearers of American leadership in large plane construction. 


BOEING HAS ALWAYS BUILT TOMORROW'S AIRPLANES TODAY! 
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Bring BEARING PROBLEMS 
to BEARING HEADQUARTERS 


Forty years of chemical, metallur- 
gical and engineering research, and 
continuous production of all types. 
sizes and quantities of bearings, 
bushings and bearing metals assures 
a practical solution. Send for a copy 
of “Industrial Bearing Design.” 
which discusses the advantages and 
economies of modernizing machine 
applications by redesign to the 
newer types of alloys and construc- 
tion now available. Free on request. 
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Cadmium - Silver - Copper - Lined Bear- 
ings; Bronze-Back, Babbitt-Lined Bear- 
ings; Steel-Back, Babbitt-Lined Bear- 
ings; Piston Pin Bushings; Connecting 
Rod Service; Connecting Rod Bolts and 
Nuts; Bearing Anchor Screws; Lami- 
num Shims; Solder; Bronze Bars and 
Babbitt Metals; Bearing Oil Leak Detec- 
tor; Thermo-Flow Power Heads for 
Ford 85 Engines. 


FEDERAL-MOGUL CORPORATION 


DETROIT, MICH. 
PACIFIC DIVISION—GENERAL OFFICES AND FACTORY 
210 VAN NESS AVE. SOUTH, SAN FRANCISCO, CALIF. 


LOS ANGELES OAKLAND SEATTLE SPOKANE PORTLAND SALT LAKE CITY 





NORTH AMERICAN AVIATION, INC 
INGLEWOOD, CALIFORNIA. 
CABLE ADDRESS, NAINC. 
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Behind the Newspaper Stories 
is the Real News 


Every now and then the newspapers bring you announcement 


of some new achievement in petroleum research: 


100-Octane Aviation Gasoline Produced by Shell! 
Shell Makes Glycerine From Waste Petroleum Gas! 
New Alkylation Process Increases Output of Octanes 


for Aviation Gasoline! 


These more spectacular accomplishments are just the surface 
indications of an unending program of research from coast to 
coast—of which the public hears little but from which it benefits 


every day. 


Shell scientific research is creating new products and better 
forms of old products. Technical laboratories at Shell refineries 
control the quality of every Shell Product. Shell has the largest 
burner laboratory in the world for the improvement of fuel oils. 
A “flying laboratory” is maintained for the study of aviation fuels 


and lubricants under service conditions. 


When you buy a Shell Product today, you can be sure it is the 
best that can be produced at this time. And you can be equally sure 
that if improvement is possible, you'll buy a better Shell Product 


tomorrow! 


SHELL OIL COMPANY 


Incorporated 





New York St. Louis San Francisco 


Aviation Gasolines @ Motor Oils @ Household Specialties @ Liquefied Gases @ Naphthas @ Asphalts @ 
Asphalt Emulsions @ Motor Gasolines @ Automotive Lubricants @ Petrolatums @ Diesel Fuels @ 


Kerosene @ Fuel Oils @ Industrial Lubricants @ Horticultural Spray Oils @ Waxes @ Road Oils 
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Compliments of 


DOUGLAS AIRCRAFT COMPANY. INC. 


SANTA MONICA, CALIFORNIA 





The Heintz and Kaufman 
Spark Advance indicator is a 


pECREASE development of the Standard 
GASOLINE — oil Company of California. It 
costs will conveniently and accurate- 


ly indicate the spark advance 
of automotive engines on the 


\MPROVE road or in the laboratory. Easy 
moTOR to install and operate. 
PERFORMANCE WRITE FOR COMPLETE 


ILLUSTRATED DATA. 


) HEINTZ~°\ FRY) KAUFMAN 


SOUTH SAN FRANCISCO . CALIFORNIA U-S°A 
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The Sign that is known 
all over the World 


M obiloil 


Largest Selling Motor Oil 
in the World 


GENERAL PETROLEUM CORPORATION 


A Socony-Vacuum Company 
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S.A. E. DELEGATES 


we hope you enjoyed yourselves 
at the Golden Gate 


International i:xposition 





007, pennsyvLvAN!” 
AT its FINEST 


ed 





mS 


. ne Unites ® sm 
ASsociaren On COMPA 





Veedol dealers from coast to coast take this means 
of expressing their appreciation for your patronage 
to and from your highly successful convention 


in San Francisco 


VEEDOL MOTOR OIL 


100% BRADFORD PENNSYLVANIA 


TIDE WATER ASSOCIATED OIL COMPANY 


San Francisco « New York 


























an ee ee 


26 


S.A.E. JOURNAL 


July, 1939 


(Section 2) 





IN THE 


Ulutormotioc Yrlast uy 





For over a quarter of a century discriminating buyers have 
found VICTOR gas welding and cutting equipments less 
costly to own and operate. Over 300 VICTOR distributors, 
located in all major cities from Coast to Coast, offer de- 
pendable and prompt VICTOR service. 


VICTOR EQUIPMEN] COMPANY 


Executive Offices 


844-50 FOLSOM STREET SAN FRANCISCO 








KAY-BRUNNER 
TRAILER AXLES 


AUTOMOTIVE DIVISION PRODUCTS 
© TRAILER AXLES 

KALOY BRAKE DRUMS 

ALLOY STEEL BRAKE DRUMS 

K-B LINED BRAKES 

METAL BRAKES 

CAST STEEL TRUCK WHEELS 

TRUCK AND TRAILER PARTS 


K-B CHAIN DRIVE UNITS FOR 
AUTO TRUCKS 


KAY-BRUNNER STEEL PRODUCTS, Inc. 
P.O. BOX 591, LOS ANGELES 


Plant: 999 Meridian Ave., Alhambra, Calif. 
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The Index to Advertisers’ Products is given on 


pages 92, 94 and 96 of Section I 


(Concluded from page 19) 
Discussion 

Written discussion prepared by E. K. Smith, Electro Metal- 
lurgical Co., was read by Mr. Macauley, suggesting that 
metals with large soft components may show poor resistance 
to wear. A photograph submitted showed a sample photo- 
micrograph of the metal of a motor block casting, in which 
there was a continuous line of ferrite, then ferrite and graph- 
ite, merging into graphite and pearlite with occasional patches 
of ferrite in the center of the casting. The analysis of the 
casting showed conventional composition with traces of nickel 
and chromium. 

Harold Andrews, Harold Andrews Grinding Co., England, 
commented on his hope for further progress from chromium- 
plated cylinder bores, but reported that he has encountered 
numerous difficulties, largely as a result of chromium’s lack 
of affinity for oil. He has even tried running a fine thread 
up the bore to carry oil up the cylinder wall, he said. Con 
siderable trouble has resulted from chromium flaking off 
after many hours of satistactory service, he reported. As a 
result of these troubles he said that it is not yet practicable 
to go into production with the chromium-plated cylinders. 
At the present time he announced that he is experimenting 
with plating just a belt around the cylinder wall. He is 
also working with austenitic steels, centrifugally cast, tor 
cylinder liners, and piston rings. He explained that he 
always chamfers the upper and lower edges of piston rings. 

Mr. Lane suggested that wear resistance is not inherent 
with materials, but depends upon circumstances of their 
use. He believes that applications of austenitic materials in 
the United States may account for their lack of progress in 
applications here. 








July 


ime 








| July, 1939 S.A.E. JOURNAL 





(Section 2) 





To Delegates, 1939 World Automotive Congress 


Ss A.B 


GREETINGS 
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PAN AMERICAN AIRWAYS SYSTEM 























BUILDERS OF UNITWIN POWERED AIRPLANES 


% Afr lan e Ocempany 


BURBANK .CALIFORNIA 





* Multi-Engine Reliability with Single-Engine Simplicity * 
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NOTHING 
A SPRING WASHER 
WILL DO HERE / 


The world’s toughest job... keeping a 








rail joint tight! A mere temporary “ biting 
hold” on the nut is wholly inadequate. 


From the toughest jobs to the lightest 
assemblies, maintaining adequate pres- 
sures on bolt and nut thread surfaces is 
the one and only means which will keep 
bolted parts tight. So-called locking 
devices, having only a temporary biting 
hold to prevent backward nut move- 
ment, are useless. They cannot compen- 
sate for initial causes of looseness: bolt 
stretch; wear of contacting surfaces; 
breakdown of rust, scale or paint. That 
function is exclusive in Helical Spring 
Washers. “Only a Spring Washer has long 
range Live Action!” The fact that Spring 
Washers are selected for the ““world’s 
toughest job,” is your assurance that they 
are the only safe device for holding bolted 
assemblies tight. “Better be Safe than 


Sorry”’...specify Helical Spring Washers. 
SPRING WASHER INDUSTRY 
616 Wrigley Bldgs. ¢ Chicago,IIl. 


ONLY A HELICAL SPRING WASHER 


HAS / 
WE cri OW 
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WHY ANTI-FRICTION BEARINGS? 








e@ Better production at lower cost for the 
machinery builders. Decreased operating 
expense, less maintenance and greater ac- 
curacy for the owner and user. These are 
some of the results of modern, simplified 
design. 





In achieving these results, ball bearings 





are a tremendous aid. They make for greater 807, 
compactness and rigidity. They eliminate FEWER 
the need for adjusting devices and other PARTS! 
miscellaneous parts. And the machining in- 

cident to their application is less involved, 

makes extreme accuracy easier to attain. In 

many ways ball bearings—-New Departure oar oe Roll em moperente 
ball bearings— enable machinery builders to conveyor parts are used. Bearing 


maintenance is cut to zero! For 
the builder or user of conveyor 
and idler rolls, this is the most 


improve and simplify design. 


For interesting brochure, GT-21, “Fewer economical bearing available. 
. a : Throughout the complete New 
Parts — Better Design, write to New Departure line are many other 


Departure, Division of General Motors, Ee ey RARE. 
Bristol, Connecticut. 


NEW DEPARTURE 


THE FORGED (&% STEEL BEARING 
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| How Electricity Can Prevent 
| BAD WEATHER ACCIDENTS LIKE THESE: 


OULD you dare to send a truck or bus out in 

stormy weather without a windshield wiper? 
Of course not! Yet it’s just as dangerous to use 
wipers that falter at a critical moment . . . when the 
driver steps on the gas .. . or going up hill. 


Driven by its own motor entirely independent of 
the car engine, the American Bosch Neverstall de- 
livers constant, uniformly dependable performance 
—at all engine speeds and under all operating con- 
ditions! For safety’s sake, write for booklet today! 


AMERICAN BOSCH CORPORATION, Springfield, Mass. 


nT RI CAN BO mn | 


| Heverslall winosnieip Wier 
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MORE MILES OF Yilod ‘NT WYATT 








Added advantages of design and application ... longer 
lived ... more miles and years of silent, smoother perform- 
ance account for the more and more Hyatt Quiet Roller 


Bearings on 1940 car, truck and bus production schedules. 


Yes, “Keep them Quiet with Hyatt” continues to be the 








“buy word” of the automotive industry when it comes to 
bearings. Hyatt Bearings Division, General Motors Sales 


Corporation, Harrison, New Jersey, and Detroit, Michigan. 


YATT 4 
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<>... always... under 
) all conditions... with 
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@ When the brake is applied on a car equipped 

with TRU-LAY Brake Controls, you get the same 

perfect result whether the car is traveling straight 

\ ahead, reversing or making a sharp turn. The 

\ stop is instant, smooth and noiseless. No ‘‘getting 
) ready’ or lagging. 





| The flexible steel conduit does not “‘flop’’ 

gm) under vibration or change in length when 

) ’” curved. The sealed-in lubricant cannot escape. 
Water and dirt cannot enter the system. 





/ Let TRU-LAY engineers discuss your braking 


sf problems with you. They may have valuable 
. rf a * suggestions. 


AMERICAN CABLE DIVISION 














AMERICAN CHAIN & CABLE COMPANY, Inc. 


AMERICAN CHAIN DIVISION e AMERICAN CABLE DIVISION e ANDREW C. CAMPBELL DIVISION e FORD CHAIN BLOCK DIVISION @ HAZARD WIRE ROPE 
DIVISION @ HIGHLAND IRON AND STEEL DIVISION e MANLEY MANUFACTURING DIVISION e OWEN SILENT SPRING COMPANY, INC. e PAGE STEEL AND 
WIRE DIVISION @ READING-PRATT & CADY DIVISION @ READING STEEL CASTING DIVISION ¢ WRIGHT MANUFACTURING DIVISION @ IN CANADA: DOMINION 
CHAIN COMPANY, LTD. @ IN ENGLAND: BRITISH WIRE PRODUCTS, LTD. # THE PARSONS CHAIN COMPANY LTD. © 7 Business for Your Safety 
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Where they want 
STRENGTH with lightweight 


at low cost... 


T is a significant fact that when it —is three times that of non-ferrous 

comes to the construction of stress- light metals. Its resistance to corro- 
carrying members, the almost unani- _ sion is 4 to 6 times that of plain steel 
mous choice of leading builders is —its durability is in equal ratio. 
U-S-S Cor-Ten high-strength steel. That is why stress-carrying members 

In the frame work, in body mem- of Cor-TEN do not have to be thick 
bers, in the engine supports—wher- to be strong, stiff and durable. 
ever the requirements of strength, Nor do they have to be costly. Be- 
durability and resistance to fatigue cause Cor-TEN is a high tensile /ow 
permit no compromise with safety— alloy steel its price is low, only slightly 
you'll find them using U-S-S Cor- more than ordinary copper steel. Be- 


TEN to reduce weight safely and cause Cor-TENn can be fabricated 
cheaply. easily and at a shop cost comparable 

Experience has shown that U-S-S to plain steel, Cor-TEN construction 
Cor-TEN in these vital parts gives makes it unnecessary to pay a high 


— / hey USe equipment the ability to stand up premium for saving weight. 


year after vear in punishing service Save weight, but don’t sacrifice 


-and does it with the least increase strength or durability and don’t 
UJ . 5 e S C 0 R.T * N in cost. pay too much to save it. Build light 
U-S-S Cor-Ten has a yield point and _ strong with U-S-S Cor-Ten. 


of 50,000 Ib. per sq. in. Its modulus We'll be glad to show you how to 
of elasticity—resistance to bending do it most economically. 













ae 


Designed and built by QLC.£ 
Motors Company, these 85 new 
Santa Fe buses—the first “‘built- 
for-the-purpose”’ fleet of air- con- 
ditioned coaches in the country— 
have engine supports and cross 
members fabricated of U-S-S 
Cor-TEN for greater strength and 
fatigue resistance. 


B T2551 


HIGH TENSILE STEELS 


" gr AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 
Kes CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
; COLUMBIA STEEL COMPANY, San Francisco 
NATIONAL TUBE COMPANY, Pittsburgh 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 


Scully Steel Products Company, Chicago, Warehouse Distributors - 





United States Steel Products Company, New York, Export Distributors 


UNITED STATES STEEL 
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Twelve years ago engineers of Automa- 12 years’ service, this Nickel alloyed ma- 
tic Transportation Co., Chicago, specified terial retained ductility and toughness 
SAE 3135 Nickel-toughened steel for to deform rather than break when ball 
pinions in their industrial trucks. After bearings fell into the teeth. 


Wart you need for dependable service — at lowest cost per 
year —is a tough material combining ample strength and 
hardness with unusually high ductility. A significant example 
of such a metal, which deforms rather than breaks, is this 
pinion pictured above. Balls from a shaft bearing of an indus- 
trial truck escaped from their race and fell into the teeth of 
this pinion gear. 


After twelve years’ service, this pinion — forged from heat 
treated SAE 3135 Nickel chromium steel — was still strong 
enough to stand up under crushing stress. Despite their ductil- 
ity, these teeth proved too hard for redressing. Make sure of 
metals which will be strong and tough after twelve years’ 
economical service. Specify Nickel alloyed materials for all 
vital parts which must resist stress and wear. 


THE- INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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SOLVING THE HARD ONES 


Many a design problem that used to be troublesome is 
being worked out these days by the use of modern ma- 
terials. Take logging trailer brake drums, for example. 

Holding back 50 ton loads on long, steep grades and 
running high temperatures is all in their day’s work. 
But, by making his drums of Chromium-Molybdenum 
(0.35-0.45% Cr.; 0.35-0.45% Mo.) iron, one of the lead- 
ing manufacturers has more than met the severe 
operating conditions. 


The iron is strong and tough, with good resistance 


PRODUCERS OF MOLYBDENUM BRIQUETTES, 


to abrasion. Furthermore, it retains these qualities after 
repeated heating to around 900 degrees F. followed by 
rapid cooling. In addition the Molybdenum content 
reduces the tendency to distortion due to heating — 
thus reducing the pounding action that leads to pre- 
mature failure. 

Perhaps a re-check of your own materials specifica- 
tions is in order. Our technical booklet, “Molybdenum 
in Iron” will prove helpful. It is free on request to 


production executives and engineers. 


FERRO-MOLYBDENUM, AND CALCIUM MOLYBDATE 


oo TO Ten 
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AND HERE’S A SURE WAY TO 
ANSWER THAT ELECTRICAL PROBLEM— 


sPpeciFy AUTO-LITE equipment! 


For 28 Years We Have Helped 
Manufacturers Build Better 
Automotive Equipment 


ALLING in Auto-Lite engineers places 

at your disposal 28 years of success- 
ful experience and the full manufactur- 
ing resources of Auto-Lite’s 23 great 
manufacturing plants. 


The quality of performance of Auto- 
Lite products is constantly proved every 
minute, twenty-four hours a day, as car 
owners all over the world turn ignition 
switches, step on starter buttons, switch 
on headlights—each of them depending 





for action on a product engineered and 
built by Auto-Lite. 

There could be no more conclusive 
proof of how completely Auto-Lite satis- 
fies America’s leading engineers than this 
simple fact—Auto-Lite products are stand- 
ard equipment on 91 motorcars, trucks, 
tractors and other units of transportation. 


THE ELECTRIC AUTO-LITE COMPANY 
TOLEDO OHIO 





WORLD’S LARGEST INDEPENDENT MANUFACTURER 
OF AUTOMOTIVE ELECTRICAL EQUIPMENT 
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How Can Stewart-Warner Help You? 


ROMPT and intelligent attention 

to our customers requirements is 
a matter of pride to our sales and 
engineering forces. 

At both Detroit and Chicago offices 
we are manned to help you carry the 
responsibility of new developments in 
design and construction. 

Among the new Stewart-Warner 


products which have been created to 


make your tasks easier are Electric 
Windshield Wipers, Electric Fuel 
Pumps, Thermo- Electric Gauges, and 
new type Speedometers. 
Remember, too, that we are lubrication 
engineers. We have helped almost every 
major producer of automobiles effect 
production economies. Please feel free 
to call us on the slightest pretext —or 


no pretext at all. We want to help! 








TEWART-WAHRNER 


1844 DIVERSEY PARKWAY, CHICAGO 


SPEEDOMETERS « TACHOMETERS « AMMETERS «+ VOLTMETERS 
COMPLETE INSTRUMENT PANELS +« THERMO-ELECTRIC 
GAUGES « MECHANICAL GAUGES « ELECTRIC WINDSHIELD 


GENERAL MOTORS BUILDING, DETROIT 


WIPERS «+ ELECTRIC FUEL PUMPS « SOUTH WIND GASO- 
LINE CAR HEATERS «+ CAR RADIOS « ALEMITE LUBRICA- 
TION EQUIPMENT «© HOOD HARDWARE «+ DIE CASTINGS 
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Protected by U.S. Patents Nos. 1958725 
and 2140818 
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vy The remarkable endurance of Aetna “T” Type Clutch Release Bearings 
is due not only to their simplicity of design and materials of superb 
quality but also to their exclusive patented features which provide lifetime 
protection against the sources of wear common to conventional type 
bearings. Instead of a frail, several-pieced ball retainer Aetna employs 
a sturdy, ONE-PIECE, oil-cushioned bronze retainer that assures the 
advantages of bronze to steel contact and also performs the plus function 
of locking raceways and balls in dead-true alignment. Thus, an Aetna 
“T” Type Bearing always takes its load smoothly, silently and without 
the wear and tear of eccentric thrust. 


And Aetna “T”’ Types are the only clutch release bearings designed with 
beveled inner surfaces that force centrifugally thrown lubricant back to 
the vital contact points. Comparative tests show that this positive, 
escape-proof and absolutely carefree principle of lubrication makes 
Aetna “T” Types the longest-life bearings available for the clutch posi- 
tion. AETNA BALL BEARING MANUFACTURING COMPANY, 
4608 Schubert Avenue, Chicago, Illinois. Detroit Office, 7310 Woodward 
Avenue. Cleveland Office, 402 Swetland Building. 
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THIS GUIDE TO 


IMPROVED BEARING 


SELECTION SENT YOU FREE! 


REPRINT OF A PAPER DELIVERED BEFORE WORLD ENGINEERING CONGRESS 


For the designer or purchaser of bearings, this paper can 
become a useful guide in specifying or buying bearings 
for many types of machines and appliances. 


Among the interesting facts it reveals is that bearings made 
of babbitts of practically identical specifications, may have 
widely different performance results, depending upon the 
method of manufacture. It illustrates that the engineer or 
manufacturer of machines and appliances should know the 


FEDERAL-MOGUL CORPORATION, 





manufacturing process used to produce his bearing require- 
ments, in order to obtain the greatest value in bearing 


efficiency at the price paid. 


A copy of this interesting article will be sent free to those 
requesting it on their company letterhead, or using the 
coupon below. A limited supply is available, therefore we 


urge you to write at once. 


912 SHOEMAKER AVENUE, DETROIT, MICHIGAN 


FEDERAL-MOGUL CORPORATION 


912 SHOEMAKER AVENUE., DETROIT, MICHIGAN 


Please send me a free copy of the new 


article: “‘Design of Engine Bearings.” 


Name 


Company 





Address — 














City. —— State 























Alloy Blooms, Billets 
and Bars 


Carbon and Alloy 
Seamless Tubing 


Tool and Fine Steels 
Stainless Steels 


Open Hearth and 
Electric Furnace 
Quality 
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Man's earliest recognition of the value of steel as a life protector was 
in the making of body armor. Today millions owe their personal safety 
to the development of alloy steel and its use in the manufacture of 
automobiles, buses, airplanes and railway trains. 


The progress made in the production of alloy steel in the United States 
during the last 25 years has made this period one of the most spectacular 
in the entire history of steel manufacture. Within this comparatively brief 
space of time, through the constantly increasing use of scientific methods 
of research and manufacture, TIMKEN Alloy Steel has risen to a posi- 
tion second to none in its field. The reputation for quality and uniformity 
which TIMKEN Steel and TIMKEN Seamless Steel Tubing have achieved 


merits the consideration of every steel user. 


THE TIMKEN ROLLER BEARING COMPANY, CANTON, OHIO 
Steel and Tube Division 


————  =— 


ALLOY STEELS 
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@ Past performance 
inspires the selection 
of Si Bearings 
for vital moving parts 
of airplanes, trucks 


and buses. 


Rall and Roller Bearings 
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PREFERENCE IS For SKF BEARINGS 
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TRUCKS AND PLANES, GO FARTHER, 
FASTER AND LONGER WHEN VITAL PARTS 
ARE PROTECTED BY SKF BEARINGS 


@ Modern trucks have many things 
in common with the latest high- 
powered planes that are writing 
new pages in today’s automotive 
history: they are SOUS{P’-equipped 
for sturdiness and dependability. 
And it is in these qualities—sturdi- 
ness and dependability—that you 
find even further reason for using 
DLS Bearings on your equipment. 


The sturdiness of SUS Bearings 
is the result of high-grade steel 
hardened throughout, while their 


dependability naturally follows pre- 
cision workmanship and careful 
attention to the most minute con- 
struction details. 


No matter whether you're riding 
along the airways or racing over the 
highways, you can’t get far from an 
SULSE source of supply. In an 
EDLSF district office near you is a 
man who can place his finger on the 
one of more than 3,000 Sits 
Bearing types and sizes to fit your 
particular need. 4430 


Sls INDUSTRIES, INC., FRONT ST. & ERIE AVE., PHILA., PA. 
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AN PEELING PARALLEL 


O get down to the real meat of an onion, you peel off the 
dead outer skin. 








People like to use the homely expression, “slick as a peeled 

onion” to describe what lies und th. | 
THIS “FACE-LIFTING” OPERATION GIVES 7 pe * = —— 
YOU BOWER MICRO-HONED BEARINGS ere’s a striking parallel between a peeled onion and a 


piece of Micro-Honed steel. Engineers have found after years 


| 

of experience that there is only one way to get down to the 

ROUGH GROUND—Photomicrograph—25 diameters oe 0 f h | hi f 2 h 

] inaiianieteinnis ied, salts esaainnie at ee real “meat” of the metal to get a highly finished, mechan- 

proximately 15 micro-inches (millionths of an inch). ically accurate bearing surface: That method is to remove the 
amorphous, dead metal film left by grinding operations and 

FINISH GROUND—More but finer scratches—surface to further refine the dimensions established by grinding. 

finish of approximately 10 micro-inches composed 


of amorphous metal left by grinding operations— Bower Micro-Honing, an exclusive Bower Process, does this 
Photomicrograph of 25 diameters. and thus lays bare the hard crystaline metal structure free of 
surface imperfections—thereby 
ai —- 98.3 i 5 . ‘ 
MICRO - HONED — 25-diameter qoaiemiangene producing a finish that meets 
showing amorphous metal and grinding marks re- ) 
moved, baring hard surface and smoothness of ap- every last requirement of the 
proximately 3 micro-inches—scratches below surface. perfect bearing surface. 


Detroit. Michigan 





ASK for the Bower folder, ‘‘How Bower Roller 
Bearings Undergo a ‘Face-Lifting’ Operation 
by Bower Micro-Honing.” It makes clear just 
what the Bower Micro-Honing process is. 
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ROWDING TRAFFIC, frequent washing. 
C storm and sunshine, flying mud and 
slush, all are enemies in the never ending 
battle against rust and finish deterioration on 
commercial vehicles. 

With Bonderizing under the finish on bod- 
ies, cabs, hoods, fenders, wheels and other 
sheet metal parts, finish maintenance is sim- 
plified. Rust will not quickly spread around 
minor nicks and scratches. Shocks, bumps 
or vibration will not dislodge the enamel 


PARKER RUST PROOF CO., 2181 €E. 


Ak dor Dhis Book 


+ 


Send for a copy of the new 


Bonderizing Catalog show- 
ing the many benefits pro- 
vided by this Parker Process. 
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over a Bonderized surface. Bonderizing sets 
up a barrier to rust-forming moisture that 
may penetrate the paint film. It retards blis- 
tering, chipping or peeling. 

Scientifically conducted tests prove that fin- 
ishes over Bonderizing last from three to five 
times longer. This means more mileage be- 
tween trips to the paint shop and less finish 
reconditioning expense. It means money in 
the fleet owner’s pocket to insist that all vul- 
nerable parts be Bonderized. 


DETROIT, MICHIGAN 


RbCOi0d CONQUER RUST 


BONDERIZING * PARKERIZING 






































COSTS ARE LESS ; 


... when trucks and buses h; 


GENERAL 
EXPENSES 


INCREASE IN PAYLOAD AND DECREASE IN TIME REQUIRED PER TRIP AND 
PAYLOAD TON-MILES PER GALLON WITH INCREASES IN PAYLOAD TON-MILES PER GALLON 




































































































































































INCREASED ENGINE COMPRESSION. WITH INCREASED ENGINE COMPRESSION RATIO. 
RUNNING TIME CONSTANT IN EACH PAIR OF TESTS PA nrc serrate ven Ae ernillnatae 
60 | | | | y Numbers on Curves Indicate Payload . Tons 
Numbers on Curves Indicate Payload in Tons { 
| ail . 
| Fg ia 13.91 Oo t Slight a { 
o7 — 
e 13.89 O 
¢ 50 | A—> 13.89 5 7 | we a, | 
= Slight Grades Only < . TT 3897] 
i f P 4 5 5.67 m7 Slight Grades | ; 
& = 
: gi 9.98 . eT 
= 40 
: \ 
5 
3 Y/, \ 
> | 
a L N\. Steep and Sr 13.91 
— 8.57 eg Slight Grades Slight Grades Only ra | | 
117 6) A s0o}-— —— 13.89 
t "A 13.91 | 
“aa of | 13.89 oe] | 
20 
4 5 6 = 40 \ 
Compression Ratio / \ 
: 8 
& é N Steep and | 
THESE DATA were obtained on a large commercial 25 Slight Grades 
vehicle in a series of tests, extending over a period a ™ 
of two years, conducted by the Research Laboratories é 
of the Ethyl Gasoline Corporation near San Bernar- / —o 5.67 
dino, California. Approximately 95,000 miles of sas pe al 
highway operation were involved. Engine compres- ; 
sion ratios were 4.45 and 5.65. “= 5 6 
Compression Ratio 














PER TON OR PASSENGER MI 


have high compression 

















Ton-miles per gallon of fuel are greater. 


Ton-miles per hour of driving time are 
greater. Charges per ton-mile to cover 
fixed costs are smaller. 


Aion the major costs of truck and bus 
operation are fuel, cost of drivers’ wages and 
fixed costs, such as taxes, insurance, interest 
on investment and administrative and gen- 
eral expenses. 


High compression reduces all of these 
charges applicable per ton-mile or passen- 
ger-mile. The results of a two-year series of 
comparative tests at San Bernardino, Califor- 
nia, are shown in the charts on the opposite 
page. The same engine with a higher com- 
pression ratio reduced fuel consumption from 
4% to 17% when either heavier payloads 
were hauled or faster speed per trip was 













maintained. The decrease in operating time 
of 7% to 8% represents a substantial saving 
in cost of driver’s time for a given trip. 


The increased payload and decreased time 
also mean more goods or passengers hauled 
per unit of time and therefore smaller charges 
against each ton-mile or passenger-mile for 
fixed costs. 


The advantages of high compression, as 
demonstrated by the tests at San Bernardino, 
may be realized with today’s fuels of higher 
anti-knock value by either of two procedures: 


1. Selection of compression ratios for new vehicles 
as high as is practical for the fuel to be used. 


2. Installation of high compression pistons or cyl- 
inder heads as replacements in low compres- 
sion truck and bus engines now in service. 


Ethyl Gasoline Corporation, Chrysler Build- 
ing, New York, N. Y. 
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Absorbers, Shock 








Delco Products Division, General 
Motors Corp. 
Alloys, Babbitt 
Bunting Brass & Bronze Co. 
Alloys, Bronze 
Bunting Brass & Bronze Co. 
Dole Valve Co. 
Alloys, Calcium Molybdate 
Olimax Molybdenum Co. 
Alloys, Ferro-Molybdenum 
Olimax Molybdenum Co. 
Ammeters 
AC Spark Plug Division, General Mo- 
tors Corp. 
Stewart-Warner Corp. 
Anti-Squeaks 


Detroit Gasket & Mfg. Co. 


Autemobiles, Commercial 
Ford Motor Co. 


Automobiles, Passenger 
Ford Motor Co. 


Balls, Steel 


Federal Bearings Co., 


Bars, Bronze 


Inc. 


Bunting Brass & Bronze Co. 
Federal-Mogul Corp. 


Base Bands, Solid Tire 


Firestone Steel Products Co. 


Bearings, Babbitt and Bronze 
i Bunting Brass & Bronze Co. 
\ Federal-Mogul Corp. 
Bearings, Babbitt Lined 
| Bunting Brass & Bronze Co. 
Bearings, Babbitt Metal 


Federal-Mogul Corp. 


Bearings, Ball, Angular Contact 
Type 
Aetna Ball Bearing Mfg. Co. 
Federal Bearings Co., Inc. 
New Departure, Division 
| Motors Sales Corp. 
4 SKF Industries, Inc. 


Bearings, Ball, Annular, Light, 


Medium and Heavy Series 
Federal Bearings Co., Inc. 
New Departure, Division 

otors Sales Corp. 
iS] 


Industries, Inc. 
Bearings, Ball, Clutch 
Pre-lubricated 
Aetna Ball Bearing Mfg. 


Bearings, Ball, Thrust 
agin Ball Bearing Mfg. 
KF Industries, Inc. 


General 


General 


Release 


Co. 


Co. 


Bearings, Ball, Thrust 
cated 
Aetna Ball Bearing Mfg. 


Bearings, Bronze Back 


Bunting Brass & Bronze 


Pre-lubri- 


Co. 


Co. 


Bearings, Die-Cast 
Federal-Mogul Corp. 


Bearings, Graphite Lined 
Bunting Brass & Bronze Co. 


Bearings, Line Shaft 
: SKF Industries, Inc. 


Bearings, Roller 
Bower Roller Bearing Co. 
Hyatt Bearings Division, General 
Motors Sales Corp. 
SEF Industries, Inc. 


Bearings, Roller, Radial 
Bower Roller Bearing Oo. 


Timken Roller Bearing Co., 
Division 


Bearing 


Bearings, Roller Thrust 
Bower Roller Bearing Co. 
Timken Roller Bearing Co., 

Division 


Bearings, Taper Roller 
Bower Roller Bearing Co. 
Timken Roller Bearing Co., 

Division 
Bearings, Thin Wall 


Bunting Brass & Bronze 


Bearing 


Bearing 


Co. 


Bond for Asbestos Fibres 
Detroit Gasket & Mfg. Co. 


Bond for Cork Granules 
Detroit Gasket & Mfg. Co. 


Brake Controls 
American Chain & Cable Co., Inc. 


Brake-Lining 


Wagner Electric Corp. 


Brakes, Air 


Wagner Electric Corp 


Brakes, Hydraulic 


Wagner Electric Corp. 


Brakes, Mechanical 
Bendix Products Division 
Aviation Corp. 


Brass Alloys 


Dole Valve Co. 


Bushings, Babbitt 


Bunting Brass & Bronze Co. 


Bushings, Bronze 
Bunting Brass & Bronze Co. 
Dole Valve Co. 
Federal-Mogul Corp. 


Cable, Brake Control 


| American Chain & Cable Co., 





Inc. 


| Carburetor Controls, Automatic 


| Dole Valve Co. 
} 


| Castings, Babbitt Metal 
| Bunting Brass & Bronze Co. 
Federal-Mogul Corp. 

| Castings, Brass and Bronze 


Bunting Brass & Bronze Co. 


| Castings, Grey Iron 
Timken Roller Bearing Co., 

| Tube Division 

| Chemicals, Inhibitors for Pick- 

ling 

| American Chemical Paint Co. 


Steel and 


Chemicals, Rust Preventing 


American Chemical Paint Co. 
| Parker Rust Proof Co. 


Chemicals, Rust Proofing 
American Chemical Paint Co. 
Parker Rust Proof Co. 


Chemicals, Rust Removing 
American Chemical Paint Co. 


Cleaners, Air 
AC Spark Plug Division, General 
Motors Corp. 


Clutch Discs 
Ingersoll Steel & Dise Division, 
Warner Corp. 


Clutches, Automotive 

Borg & Beck, Division 
Corp 

Long Mfg. Division, Borg-Warner 
‘or 


30rg 
s3org-Warner 


Corp. 
Spicer Mfg. Corp. 


Cocks, Drain 

Dole Valve Co. 
Coils 

American Bosch Corp. 
Condensers 

American Bosch Corp. 
Cooling Systems 

Long Mfg. Division, 

Corp. 

Couplings, Flexible 
Spicer Mfg. Corp. 
Couplings, Tubing 

Dole Valve Co. 


Discs, Plow 
Ingersoll Steel & Dise Division, 
Borg-Warner Corp. 


Borg-Warner 


Drop Forgings 
Spicer Mfg. Corp. 


Engines 
Waukesha Motor Co. 
Engines, Diesel 
Waukesha Motor Co. 
Engines, Industrial 
Waukesha Motor Co. 





of Bendix | 


Fender Welt 
Detroit Gasket & Mfg. Co. 


Filters, Oil 
AC Spark Plug Division, 
Motors Corp. 


Fluxes, Soldering 
American Chemical Paint Co. 


Gages, Gasoline 


General 





AC Spark Plug Division, General 
Motors Corp. 
Gages, Mechanical and 
Electrical 
Stewart-Warner Corp. 
| Gages, Oil 
AC Spark Plug Division, General 


| 
Motors Corp. 


Gaskets 
Detroit Gasket & Mfg. Co. 


Gasoline, Motor Vehicle 


| Ethyl Gasoline Corp. 


| Gear, Starter 
Eclipse Machine Division 
Aviation Corp. 
| Generators (Standard 


Mountings) 
American Bosch Corp. 
Electric Auto-Lite Co. 


Bendix 


‘ 

Hardware, Automobile 

Bassick Corp. Division 
Warner 


Headlamps, Sealed Beam 


General Electric Co. 


of Stewart- 
! 
| 
| 


| Heaters 
Stewart-Warner Corp 

| Horns, Electric 
American Bosch Corp. 


Hose, Exhaust 


Titeflex Metal Hose Co. 


| Hose, Flexible Metal 
| Titeflex Metal Hose Co. 


Hose, Hydraulic 


Titeflex Metal Hose Co. 





| Injection Equipment, Diesel 
American Bosch Corp. 


| Injection Equipment, Fuel 
} Timken Roller Bearing Co., 
jection Equipment 


| Joints, Universal 
Bendix Products 
Aviation Corp. 
Spicer Mfg. Corp. 


Fuel In- 
Division 


Division 


Lamps, Fog 


| American Bosch Corp. 


| Lathes, Turret 


| Bullard Co. 


| Lubricants, Extreme Pressure 
| Stuart Oil Co., Ltd., D. A 
| Lubricating Equipment 
Alemite, Division of Stewart-Warner 
Corp. 


| Machines, Automatic Chucking 

| Bullard Co. 

| Machines, Automatic Multiple 
Spindle 


Bullard Co. 


| Machines, Boring (Vertical) 
Bullard Co. 
Machines, Boring, Turning and 
Facing (Vertical) 
Bullard Co 


Machines, Chucking 
Bullard Co. 
Machines, Chucking and 
Turning 
Bullard Co. 


Machines, Multiple Spindle 
Bullard Co. 


Magnetos 


American 





Bosch 
| Motors, Electric 
| Wagner Electric Corp. 


| Nickel, Cast Iron 


International Nickel Co., 


Corp 


Inc. 


of Bendix | 








| 





| 
| 





| 


International Nickel Co., Inc. 
Nickel, Steel Alloys 
International Nickel Co., Inc. 


Oil-Seals 


Detroit Gasket & Mfg. Co. 


Paints, Heat-Resisting 
American Chemical Paint Co. 


Panels, Instrument 
AC Spark Plug Division 
Motors Corp. 
Stewart-Warner Corp. 


General 


Pistons, Aluminum 
Zollner Machine Works 


Pistons, Heavy Duty 
Zollner Machine Works 


Plates, Clutch 
Ingersoll Steel & Disc Division, Borg 
Warner Corp. 
Plates, Stainless-Clad Steel 
Ingersoll Steel & Dise Division, Borg 
Warner Corp. 


Powerplants, Industrial 
Waukesha Motor Co 


Propeller-Shafts 
Spicer Mfg. Corp. 
Pumps, Fuel 


Stewart-Warner Corp 


Radiators 
Long Mfg. 
Corp. 


Radios, Car 


American Bosch Corp 
Stewart-Warner Corp 


Division, Borg-Warner 


Refrigerators 
Waukesha Motor Co 


Regulators, Temperature 
Dole Valve Co. 

Rims, Airplane Tire 
Firestone Steel Products Co 

Rims, Pneumatic Tire 
Firestone Steel Products Co 

Rims, Solid Rubber Tire 
Firestone Steel Products Co 

Rust Proofing Processes 
American Chemical Paint Co 
Parker Rust Proof Co 


Screw Machine Products 


Spicer Mfg. Corp. 
Shock Absorbers, Hydraulic 
Delco Préducts§ Division, General 
Motors Corp. 
Sound Deadening Materials 
Detroit Gasket & Mfg. Co. I 
Spark Plugs 
AC Spark Plug Division, General 
Motors Corp. 
American Bosch Corp. 
| Speedometers 
AO Spark Plug Division, General 
Motors Corp. 
Stewart-Warner Corp. 
Springs, Coiled 
Barnes-Gibson-Raymond, Division of 


Associated Spring Corp 
Cook Spring, Division of 
Spring Corp. 


Springs, Flat 


Barnes-Gibson-Raymond, Division 
Associated Spring Corp. 


Associated 


of 


Cook Spring, Division of Associated 
Spring Corp. 
Stampings 
Cook Spring, Division of Associated 
Spring Corp. 
Spicer Mfg. Corp. 


Starter Drive 
Eclipse Machine Division 
Aviation Corp. 
Starting-Motors (Standard 
Mountings) 
Electric Auto-Lite Co 
Steels, Alloy 
Timken Roller Bearing Co., 
Tube Division 
Steels, Automotive 
Ingersoll Steel & Disc Division, Borg 
Warner Corp. 


Bendix 


Steel and 





(Concluded 


on Page 40) 
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... the strength of steel - 
plus workable ductility 
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(Concluded) 


Steels, Carbon 
Timken Roller Bearing Co., Steel and 
lube Division 


Steels, Electric Furnace 
Timken Roller Bearing Co., Steel and | 
Tube Division 


Steels, Open Hearth | 
Carnegie-Illinois Steel Corp. 
Timken Roller Bearing Co., Steel and | 

Tube Division 
| 

Steels, Plow 


Ingersoll Steel & Dise Division, Borg 
Warner Corp 
Steels, Saw 
Ingersoll Steel & Dise Division, Borg 
Warner Corp. 


Steels, Special Analysis 
Carnegie-Illinois Steel Corp. 
Columbia Steel Co 
Timken Roller Bearing Co., Steel and 

Tube Division 
United States Steel Corp. 

Steels, Tool | 

Timken Roller Bearing Co., Steel and 
Tube Division 

Switches, Starting 

Electric Auto-Lite Co 


Tachometers 
Stewart-Warner Corp 


Testers, Headlamp 
Thompson-Bremer & Co. | 

Thermostats 

Dole Valve Co. | 


Timer-Distributors 
Electric Auto-Lite Co 


Transformers 


Wagner Electric Corp. ' 


Tubing, Brass 


Bundy Tubing Co 
Tubing, Copper 


Bundy Tubing Co 


Tubing, Flexible Metal 


Titeflex Metal Hose Co 
Tubing, Flexible Metal, Exhaust 


Titeflex Metal Hose Co. 


Tubing, Flexible Metal, Fuel 


Titeflex Metal Hose Co 


| Tubing, Steel 


Bundy Tubing Co 


Tubing, Steel Seamless 
Timken Roller Bearing Co., Steel and 
Tube Division 


Tubing, Welded and Sweated 
Steel 


Bundy Tubing Co 


Voltmeters 
Stewart-Warner Corp 


Washers, Lock 
American Nut & Bolt Fastener Co 
Beall Tool Co 
Buteher & Hart Mfg. Co 
Eaton Mfg. Co. 
National Lock Washer Co 
Philadelphia Steel & Wire Corp 
Positive Lock Washer Co 
Thompson-Bremer & Co 
Washburn Co 


| Washers, Spring 


American Nut & Bolt Fastener Co 
Beall Tool Co 

Butcher & Hart Mfg. Co 

Eaton Mfg. Co 

National Lock Washer Co. 
Philadelphia Steel & Wire Corp. 
Positive Lock Washer Co 
Washburn Co 


The addresses of companies listed in this index can be obtained from 


their advertisements indexed on page 42 





PROTECT 


rous surfaces. 


GRANODIZING, 





THE 


GRANODINES 


RUST AND WEAR 


SPRAY, DIP, and ELECTRO 
GRANODIZING create smooth, 
continuous, stain-free coatings 
that bond paint perfectly to fer- 
These processes 
are easy to operate and low in cost. 


In addition, 


bearing surfaces, reduces fric- 
tional wear to a small fraction of 
the usual, and retards rust. 


a HEMICAL 


BOX 305 AMBLER, PENNA. 


AGAINST 


THERMOIL- 
when applied to 


AINT CO. 


Detroit, Mich. 
Walkerville, Ont 
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Over 1,000 men worked many days to build this Bullard Mult-Au-Matic—that you may save per- 
haps 50 seconds and a few cents. 


But, even more important, those saved pennies and seconds represent increased sales, increased 


employment, increased profits right in your own plant, as Mult-Au-Matics play their part in help- 
ing you to buiid a better product for less money. 


The wide scope of the Bullard Mult-Au-Matic is often not fully appreciated, even by those who own 


one. A wide range of sizes permits applying the Mult-Au-Matic Method to thousands of jobs even 
when the runs are as low as 250. 


If you doubt the completeness of your information—send for a Bullard Engineer. 


BULLARD THE BULLARD COMPANY 


BRIDGEPORT. CON NREL TIS 


MULT-AU-MATICS 














“PAUL PRY’ leans 


1940 MODELS TURN TO 
| BORGLITE DRIVEN PLATE 
| FOR SHIFTING EASE... 


@ It clicked in the '39 cars—it’s much more popu- 
lar in those 1940 models that have joined the 
) industry-wide swing to steering-post gear shifts. 
An increased demand for the new driven plate that 
helped make the new style shifting so easy and 
practical is a most logical deduction, says Paul Pry, 
the industry's improvement detective—and he’s 
right! Try it and see. 








THE BORG & BECK CLUTCH 
with BORGLITE DRIVEN PLATE 





@ cover plate better ventilated, designed for life-long 
even contact with the plate. 


@ vew, lighter Borglite driven plate for “finger touch” 
gear shifting. 


i © waved “clock-spring” steel cushion segments, tailor 
made to bring facings into full contact. 


4) Light weight at outside edge cuts spinning time, results 
in faster, easier and quieter gear changing. 


BORG & BECK 


DIVISION 
BORG-WARNER CORPORATION 


CHICAGO, ILLINOIS 
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TOP QUALITY GEAR LUBRICANT 
Most economical Insurance that 
you can buy. INSIST UPON — 


Jn 4l__4uJ A J 


D.A.STUART OIL CO. Lta. 


ABLISHED 186 


tsT 
CHICAGO U. &. A. 


Warehouses in Principle Industrial Centers 
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G-E SEALED BEAM MAZDA LAMPS FOR 


SAFER NIGHT DRIVING 





HERE’S a new kind of headlighting system on 

the 1940 cars. It gives about 50% more light 
than any previous lighting and maintains practically 
its initial light output throughout life. 
General Electric’s contribution to this new head- 
lighting program is a unique new type of headlamp. 
Instead of a separate lens, reflector, and bulb as in 
prior type headlamp, the new G-E Sealed Beam 
MAZDA lamp is one complete hermetically sealed all- 
glass unit. Dust, dirt, traffic fumes, and moisture can 
never get in to dull the reflector and absorb light. 
Anything interfering with this condition makes the unit 
inoperative immediately. 
Each lamp has two filaments. The “Country Beam” 
throws approximately 75,000 beam-candlepower 
on uncrowded roads. The “Traffic Beam”, properly 
aimed, throws light far ahead and to the right, with 
no glare in oncoming drivers’ eyes. 


FEATURES OF THE G-E SEALED BEAM MAZDA LAMP 


Car and lamp manufacturers, state and safety authorities 
who helped develop the Sealed Beam Lighting System say 
it means fewer night accidents and greater night driving 
comfort than ever before. Here are some of the features of 
the G-E Sealed Beam MAZDA lamp: 


1. 50% MORE LIGHT on the road than prior-type head- 
lights. 
2. NEW CAR LIGHTING for the life of the lamp. Dirt, 


traffic fumes, and moisture cannot seep in to dull reflectors 
and absorb light. 


3. NEW LAMP IS DESIGNED to give more light for a 
longer period than prior-type headlight bulbs. 

4. NEVER OUT OF FOCUS... filaments are accurately 
positioned with respect to the reflectors. 

5. GLARE FREE when properly aimed... “Traffic Beam”’ 


shifts the high intensity portion of the beam to the right 
hand curb. 


GENERAL ELECTRIC CO., NELA PARK, CLEVELAND, O. 


G-E SEALED BEAM 
MAZDA AUTO LAMPS 


GENERAL @ ELECTRIC 


Made to stay brighter longer 
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This is the new G-E all-glass Sealed Beam MAZDA 
headlamp . . . known as G-E MAZDA No. 4030. 
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DOES YOUR ENGINE INVENTORY LEAVE YOU 


Ninety-nine out of a hundred of your truck 
customers are using gasoline engines. It’s 
the hundredth customer that puts you out on 
‘a limb. He wants an oil engine. 


Does he want to wait until that oil engine 
can. be shipped from the factory? He does not! 


So up pops the engine inventory problem— 
the cost of a double stock . . . and expensive 
special parts to service a few Diesels. And 
you’re out on the limb farther than ever. 


But there is a solution. It’s the Waukesha 
Multi-Fuel Engine. It simplifies your engine 
inventory. You have only one power plant. It 
burns gasoline. It burns fuel oil. It burns gas. 
You’re ready for any engine-fuel demand. 


To change from one fuel to another, you do 


not change engines. 


Not one internal part 
od t *hed! Conversion is only a matte 
need be touched. Conversion is only a matter 





of fuel accessories. And you do it right in your 
own shop. 


As an oil engine . . . with the gasoline car- 
buretor replaced by a fuel injection system... 
it operates on the Hesselman low pressure 
cycle, using positively-timed spark ignition. 
It burns domestic furnace oils Nos. 1, 2, or 3, 
tractor distillates, diesel oils, and even gasoline 
or kerosene. And it starts easier than a gasoline 
engine. 


Burning gasoline, the Multi-Fuel Engine 
can be made to show economies below .5 Ib. 
per hp. hr. With butane, its economy is of the 
same order. 


Adopting Multi-Fuel Engines means more 
than simplifying your engine inventory. You 
can give better service—get more sales—sub- 
tract the grief—and add to your profits. Get 
Bulletin 1160. 


December, 1939 


WAUKESHA MOTOR COMPANY, WAUKESHA, WIS. 
NEW YORK TULSA LOS ANGELES 





eh 


Re 





